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Of the Meaning of the Word Coſmography, and the 
Uſefulneſs of the Science. 


HAT I now propoſe, is to give a ge- 1. What is 
© neral Idea of the World, that is, a De- meant 47 
ſcription of the Number, Situation, Mag- — 
| JN nitude, Figure, and ſome other Proper- 
ties of the principal Parts of which the 

viſible World is compoſed : And that 
Science which treats of theſe ſeveral Partitulars, is called 
Coſmography, 


Vor. II. A 2 us io oh is 
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2. The Je- 
Juln-ſs there. 
of. 


3. In what 
Manner it 
ought te be 
treated of. 


1. That the 
Earth rs n- 
Pte, and of 
a certain 


Fig: re. 


ROHAU LTI S YSTEM Part II. 


2. This Science is not only of great Uſe in it ſelf, but 
alſo in the Conſequences which follow from it. For be- 
ſide that it is of great Advantage to us, to know the. 
whole Structure of our own Habitation ; we may alſo af- 
firm, that there is ſuch a Connexion betwixt the ſeveral 
Parts of the Univerſe, and they have ſuch a Dependence 
upon, and are ſo linked with each other, that the greateſt 
Part of thoſe Events which are natural, and which af- 
fect us the neareſt, cannot be explained without a perfect 
Knowledge of the particular Conſtitution of the World 
and of every Part of it, upon which they depend, as Ef- 
fects do upon their Cauſes. This Science is alſo of great 
Uſe in Geography ; becauſe it is certain, that we cannot 
have a perfect Knowledge of the Situation of different 
Countries, with reſpect to each other, without having firſt 
ſettled the Place which the Earth is in, with regard to the 
other Parts of the Univerſe, 

3. Since the World is the Work, or rather the Diver- 
fon of the Hand of God, who could divide it into as 
many Parts as he pleaſed, and diſpoſe them in an in- 
finite variety of Ways; it is impoſſible for us to know 


the Number or Order of them, by any Reaſon drawn 
from the Nature of the Things themſelves; and we can 


know only by Experience, which Way God was pleaſed 


to chooſe, out of thoſe many in which they might have ; 


been diſpoſed, We ought therefore to conſider every 


Particular, as far as the Weakneſs of human Nature, 
aſſiſted by all the Helps of Art and Induſtry, will per- 
mit, that we may go back, as far as we are able, from | 
the Effects to the Cauſes ; and firſt take Notice, how |} 
Things appear to us, before we make a Judgment of the 


Nature and Diſpoſition of them. 
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KAP. I. 


General Obſervations. 


THE firſt Thing that we take Notice of, is the Earth J 
which we inhabit, whoſe Superficies is interrupted | 


and divided by a great Number of Rivers, Lakes, and 
Scas; and though the whole Bulk of Earth and Waters, 


ſcems to us to be immenſe, yet we are aſſured that it 


is bounded and limited, (for we know that a great many | 
Perſons 
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Perſons have gone round it different Ways) and conſe- 

= quently, that it is of a certain Figure. By, 

. = 2. This Figure muſt neceſſarily conſiſt, either of a . 
great many plain Superficies, or elle of one particular Su- ,,,ag, 

| MF perficies; if it conſiſts of but one continued Superficies, 
> that muſt be a curved one. But the Earth cannot be 

} EF bounded by a great many plain Superficies, becauſe theſe 

_ XX would meet in different Angles where the Superficies are | 
connected together, ſome of which we could not but 

1 X take notice of; but we do not perceive any ſuch Thing: 
On the contrary, where-ever we are, the whole Extent, 


t as far as our Eye can reach, appears plain and level. We 
t muſt conclude therefore, that the Earth is not terminated 
it by a great many plain Superficies, but oy continued 
ſt curved one. And further, becauſe the Earth appears e- 
e qually plain every where, we have no Reaſon to think, 
that the Superficies about it is of an unequal Curvature, 

* and therefore we conclude it to be alike all over, that is 
* the Earth and the Waters together are of (1) the Figure of 
3 a Sphere or a Globe, or a Ball, which is the ſame Thing. 
v 3. This Globe is every where ſurrounded with Air, 3. o/ be 
'n beyond which is that immenſe Space which is called the 2 the 
* Heavens, wherein we ſee a vaſt Number of Stars, amongſt e 
2d which we reckon the Sun and Moon. Stari. 
an (1) The Figure of a Sphere, &c.) Circumference of the Earth's Orb; the 
ry Coneerning the Earth's being round, Journey which bis Head travels en- 
re See Varenius's Geozrapby, Book I. cdi that of bis Feet, by the Circum- 

, Sec. 2. and Tacquet's Aſtronomy, ference of a Circle, wwhoſe Radius 1s 
r Book I. Num. 3. However it is cer- the Man's Height. 
m tain that the Earth is not exactly Fourthly, If a Veſſel full of Water 
— and truly round, but its Diameter at were lifted up perpendicularly, ſame of 
he the EquinoQial Circle is to its Dia- be Water would continually run over, 


meter thro” the Poles, as 692 to 689. 


and yet the Veſſel would be always P 
See Newton's Prin. Book III. Prop. 19. 


Full, viz. Becauſe the Superficies of 


urth | 


But Tacguet in his Aftronomy Book I. 
Chap. ii. Numb. 6. has drawn ſome 
very neat Conſequences from the 


R undneſs of theEarth ; wh'ch I ſhall 


add here. 
Firſt then. If any Part of theBarth's 


Super ficies be plain, Men can no more 


4 ftand upright upon it, than tbey can 


upon the Side of a Mountain. Secondly, 
Becauſe the Superficies of the Earth is 
£i0bous, the Head of a Traveller goes 


the Water would always be depreſſed 
into part of a larger Sphere. 

Fifthly, Va Veſſel full of Water 
vere carried directly downwards, tbo 
none of it ran over, yet the Veſſel 
would not be full, viz Becauſe the 
Superficies cf the Water is raiſed con- 
tinually into part of a leſs Sphere. 

Whence it follows, Sixthly, Ibat 
the ſame Veſſel wwill bold more Water 
at the Foot of a Mountain than ot the 


a longer Fourney than his Feet: And op; and more in a Cellar than in a 
ed he robo rides on Horſeback,goes a longer Chamber, 
ted ot Pourney than he who walks the ſame To which may be added. Laftly, 
and Way on Foct : So likewiſe the upper That two Threads upm-wwhich two 
ers part of the Maſt of a Sbip goes more Steel Balls bang perpendicularly, are 
TRY Way than the lower, viz. Becauſe nt farallel ta each ether, but Parts 
'y than the lower, viz e F , 

at It they move in Part of a larger Circle. of two Radius's which meet at the 
any Thirdly; If a Man goes the while Center of the Earth, 
ſons | A 3 4. The 
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4+That there 4. The greateſt Part of theſe Stars continue always in 

_—_ _ the ſame Place with reſpect to each other, which 1s the 

Planets, Reaſon why they are called fixed Stars; on the contrary, 
the other perpetually change their Place, and are there- 
fore called wandring Stars or Planets. i 

©. Of the 5. The Number of the fixed Stars which appear to the 

gt A naked Eye, is a Thouſand and Twenty Two, ſome of 

the ſi aed a 

oy which have appeared but lately, and were unknown to 
the Antients ; and They on the other hand ſaw ſome, 
which we cannot ſee now, There are alſo ſome Stars 
which appear but for a ſhort "Time, as that which was 

. ſeen towards the latter end of the Year 1572, which at 

firſt appeared brighter and larger than any of the reſt, þut 
diminiſhing by Degrees, in about fix Months it totally 
diſappeared. | 


6. 0O/ the 6. There are only ſeven Planets, the Names of which 
Number of 


Plane, are, the Sun, the Moon, Mercury, Veuus, Mars, Fupiter, 

and Saturn, 

„ What a 7. The Antients diſtinguiſhed the whole of the fixed 

Conſtellation Stars into ſeveral Signs or Conflellations, to which, with- 

g's out any other Reaſon than their own Fancies, they gave 
the Names of Bear, Lion, Mermaid, Serpent, Rc. 

8. That a 8. Beſides the [Thouſand and Twenty Two fixed Stars 

Se now mentioned, innumerable others may be ſeen through 

more Stars 6 - - 

may be ſeen A I eleicope; and there may alſo be ſeen four little Planets 

y the help of which always accompany 7 «p:ter at a ſmall Diſtance 

« Leleſ:op*. from him, and (1) another little Planet always attending 
upon Saturn, | 

o. Hao tbe 9. The Sun and Men are the Principal amongſt the 

Oe OP Planets, and theſe are eaſily known: But the other Pla- 

nets can be known only by their apparent irregular Mo- 
tions, and by the Difference of their Light, which does 
not twinkle ſo much as that of the fixed Stars, 

10. The ap- IO. All the Stars, as well the fixed, as the Planets, 

eee e feem to us, to deſcribe a great many Circumferences of 


»bole Hea- parallel Circles, and to move from the Eaſt to the 
ens. Weſt 


meant by a equal Times; and the "Time which the Sun takes up in 
naruralDey. going one Round, is called a natural Day, and is com- 


monly divided into twenty-four Hours, and each Hour 
into ſixty Minutes. 


(1) Another little Plant, &c.) Nay about Saturn, as Caſſini and Hugenius 
there may be ſeen with a god Te- hate obſcivede * 


leſcope fiv: ſmell Plants movirg 


G i At 


11. Wharis II. They perform their Revolutions in pretty near 


C 
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e. HAI. 


Conjectures how to explain the apparent Motions of 
| the Stars. 


at Reſt in the Middle of the World, and that the whole nt move. '* 
Heavens move round it from Eaſt to Weſt, and carry all 


the Stars along with them. | 


2. The Second ſuppoſes on the contrary, that the Hea- 2:Tbe ſecond 


vens and the Stars do not really move round in Four and Hypotheſis, 


That the 
Twenty Hours, as they appear to us to do; but that they — do 


are indeed at Reſt, and ſeem only to move; becauſe the nt move. 
whole Maſs compoſed of Earth, Water and Air, and of 


3 | every Thing which we ſee here, does really turn round 


its own Center from Weſt to Eaſt. 

3. The firſt of theſe two Hypotheſes or Suppoſitions ,, har 
was maintained by Ariſtotle, Hipparchus, Ptolemy, and Perſom were 
a great many Philoſophers. 2 

4. The latter Hypotheſis was maintained by Ecphantes, — I bo were 
Seleucus, Ariftarchus, Philolaus, Plato, and the Pythagore- of the latter 
ans. Archimedes alſo ſuppoſes this to be true, in his Book, ©2'"'**+ 
Entituled, Of the Number of Grains of Sand. This O- 
pinion, after having been buried in Oblivion for man 
Ages, was reviv'd again by Copernicus about Two hun- 
dred Years ago. 

5. If we conſider theſe Two Hypotheſes, we ſhall find . 23274. 
that they will both equally ſolve theſe Phænomena and ther of theſe 
general Obſervations ; for all the viſible Parts of the we 
Heavens will ſeem to turn round from Eaſt to Wet in 76 — 
Twenty-four Hours, the ſame in one Hypotheſis as in una. 
the other, Wherefore having as yet no Reaſon to follow 


= the one rather than the other, we ought to ſuſpend our 


Judgment with reſpect to each of them: But becauſe we 
have undertaken to argue from the particular Phæno- 
mena, which cannot be done without being of one Opj- 


nion, or taking Part with one Side, let us firſt ſuppoſe 
the common Opinion to be the true one, 


A 4 CHAP. 


ROHAULT'" SYSTEM Part II. 


. IF, 
Of the Figure of the World. 


Of the principal Points, Lines and Circles, which 
are imagined to be upon the Superficies of it. 


1. By the W E cannot conceive any Body to be in Motion 


panes => it is differently applied. Now upon this Suppoſition, that 


limued, and, the Heavens move, we muſt neceſſarily compare them 
— viele, with ſomething that we imagine to be beyond them; and 
orld 1s of > a 
a ſpterica! therefore we cannot but ſuppoſe them limited. And be- 
Figure, Cauſe Reaſon and Experience ſhew us, that a Body in- 
_ cluded within another, cannot move freely, if there be 
any Angles on its Superficies; therefore ſince the Heavens 
appear to move very freely, we do readily conceive their 
Superficies to be without any Angles, and conſequently 
tpherical ; and further, not concerning our ſelves with 
what may be beyond this Superficies, but only taking 
all that is contained in it for the Unzwerſe, we affirm 
that the World, or the Univerſe, is of a ſpherical Fi- 
ure. 

2. Of the di- : 2. When we ſuppoſe the whole Heavens to turn round 

ral ineles every Day, and to finiſh their Revolution in Twenty- 
four Hours, we imagine at the ſame Time, that eve- 
ry Point in them except Two, deſcribe Circles parallel 
to each other, and theſe are called diurnal or daily 
Circles. a 

3. Of the 3. 'Theſe Circles are all unequal, and the largeſt of 

flats, them is called the Equator, or the Equinoctial Circle. 

4. Of the 4, The two Points in the Superficies of the Heavens 

feks »chich do not deſcribe any Circles at all, but only turn 
about themſelves, are called the Poles af the Morld. One 
of them, v2z. that which is in the Part of the Heavens 
viſible to us, is called the Arctict Pale, and the other the 
Autarttick. 

©. Of rhe 5. The ſtreight Line which goes from one Pole to the 

m_y other, and pailes through the Center of the Earth, is 

in called the Axis of the World. 


| 6. Since 


without comparing it with other Bodies, to which 
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6. Since we can always fee one Half of the Heavens, 6- Thar the 
in what Part of the Earth ſoever we be, if our Sight be — = HP 
not hindred by Mountains, or ſome ſuch Thing, this is compared 
2 Proof, that the Earth is but of a very inconſiderable is tbe 
Bigneſs, compared with the Heavens, and that it may be 

taken for a Point, with regard to the vaſt Extent of 

XX them. 
| 3 7. The Circle which ſeparates the viſible Part of the 7. Of the 

2X Heavens ſrom that which is inviſible, is called the Hori. Herium. 

Lon, which is different according to the different Parts 

of the Surface of the Earth where we are. | 
8. The Poles of the Horizon, are two Points of the Su- 8. Of che 
perficies of the World, each of them equally diſtant from 2 and 
every Part of the Horizon ; that Pole which is over our " 

Head is called the Zenith, and the other the Nadir. 

9. The Meridian is that Circle which we imagine to 9. Of the 
** paſs through both the Poles of the World, and the Poles Meridian. 
of the Horizon. | 
10. It is evident, that the Meridian alters, if we go to 10. That the 
any other Place, which is E/ or Jt. ſame Cirtl 
3 11. The Circles which we conceive to paſs through 1 
the Poles of the World, and every Point of the Equator, «very wheres 


are called Circles of Declination. — d 2 
12. Thoſe Circles which we imagine to aſs through rk 


both Poles of the Horizon and every Point of its Circle, 12. Of Aui- 
are called Azimuths or vertical Circles, or Cireles inte- 
ſecting each other in the point directly over our Heads. 

13. Moſt part of theſe Things are by Analogy 13. Of the 
transferred to the Superficies of the Earth. Thus the E- 


RF b 
* 2 Wy 
: ER. > x 
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P Earth's Equator, or Equinoctial Line, or in general, the 36”; 
el Line, is a great Circle which we imagine to be on the 
ly Surface of the Earth directly under the Equator of the 
Heavens. a 
f 14. The Avis . Earth is a Part of the Axis of the ., be 
World, included in the Body of the Earth. = 
ns 15. The Poles of the Earth are the two Extreme Points 15: O the 
mM of its Axis. | Poles IT the 
ne WY 16. The Meridians upon the Earth, which are alſo cal- 16. O . 
NS WF led Circles of Latitude, are a great many Circles paſſing Cre: of 
he throꝰ the Poles of the Earth, and the ſeveral Points of the . 1 
Equinoctial Line. TRE 
the | 17. There is one Meridian upon the Earth, which 77: 9 5 


is Geographers call the firſt Meridian, and Ptolemy has been 
; a my di 0 
uſyally followed in this, who choſe for the firſt Meridian, 8 
the Circle that paſſes through the Iſland of Hierro, one 
nce of the Canary Iſlands. 


18. To 
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18. The Or- 18. To know the Order and Number of Meridians, 
deref the it is cuſtomary to reckon them from We? to Eaſt. 
3 19. The Circles of Longitude upon the Earth, are a 
Circler of great many Circles, which we conceive on its Superficies, 
8 to be parallel to its Equator: they are on both Sides of 
2 this Line, and diminiſh as they grow nearer to the 
Poles. 
20. Hero 20. All the Circles which we imagine to be either in 
any Circle is the Heavens or on the Earth, are divided into three 
4rvidd. Hundred and Sixty equal Parts, which are called De- 
grees, and every Degree is divided into Sixty Parts, which 
are called Minutes, Cc. ſo that the Word Minute is am- 
biguous, ſignifying as well the Sixtieth Part of an Hour, 
as the Sixtieth Part of a Degree. 


02 OH 2H 09 5H OH FH FH F208, 99 38, GH AH IH ok Hh Ah nn oh SR Sh 0h 58 
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Of the chief Uſes of the Circles of the Sphere of 
the World. 


1. The fir FT H Equator in the Heavens, divides the World p 


L of tbe 


+" Ae to two equal Parts; that in which the Arctic Pole 
1 4e. 


is, is called the Northern Part, and the other is called the 

Southern Part. 

Uk Fa 2. The Motion of the Equator is the Meaſure of 

Egal. Time, for we judge the "Time to be more or leſs, ac- 
cording as there. paſs more or. fewer Degrees of this 
Circle croſs the Meridian, The ſpace in which there 
paſſes fifteen Degrees of the Equator, is an Hour ; and 
the Space in which there paſſes the Sixtieth Part of 
Fifteen Degrees, that is, fiſteen Minutes, is a Minute of 

| an Hour, 

3- The e 3. The Horizon divides the World into two equal 

Uſe of the 8 5 EN E 

Hirizin, Parts, which are called Hemiſpheres ; that which is viſible 
to us, is called the upper Hemiſphere, and the other the 
ler Hemiſphere. 

4: Another 4. When the Horizon cuts any diurnal Circles, it is a 

1 Proof that thoſe Stars which are in theſe Circles riſe and 
ſet ; on the other Hand, when it does not cut any, it is 

an Argument that the Stars, which are in theſe. diurn@ 

Circles, do not rife and ſet at all. 


5. When 


the Place oppoſite to it, is called the J/2. 


the North and the Weſt, is called the North-FWef, that *vius, 
which is betwixt the South and the Eaſt, is called the Ch. i. 
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5. When any of theſe Circles are cut by the Horizon, 5: Of the 


the upper Part is called the diurnal Arch, and the lower pr nom 


Part the nocturnal Arch. Arches, 


6. The Quantity of theſe Arches, ſhews us how long 6, 4 CU 


_ = 4 : be 
the Star which is in them, is above or below the Ho- Aur 


riaon. 
7. The four Points where the Meridian and the E- 2. of te ' 
quator cut the Horizon, are called the Cardinal Points. Cane 
8. The Place where the Meridian cuts the Horizon 3. Of = 
in that Part where the Arctic Pole is, is called the North and 
North, and the Point oppoſite to it, is called the Stb. 
South. | | 
9. The Place where the Equator cuts the Horizon on 9. Of the. 
that Side where the Sun riſes, is called the Eaſt, and —— yg 
10. The Place which is between any two of thoſe, 10. f «be 
has its Name from the Compoſition of thoſe Two; — 
thus the Place, which is betwixt the North and the 
Eaſt, is called the“ North-Eaſt, that which is betwixt * Se vi- 


Bock þ + 


South-Eaſt, and that which is betwixt the South and the 
Weſt, is called South-I/2. 

11, The Meridian divides the World into two equal 11. Thefirf 
Parts, that which is on the Side where the Stars riſe, is 2 
called the Eaſt, and the other the 1/2, | NN 

12. The Meridian divides the diurnal Arches into two 12. Anotl er 
equal Parts, and therefore ſhews, that the Diſtance of 2 tbe 
the Stars from their riſing to their coming to the Meri- _ 
dian, is equal to the Diſtance from the Meridian to their 
Setting. | 

13. The Meridian determines the greateſt Altitude a- 73: % 
bove the Horizon, of thoſe Stars which riſe and ſet; 22 oy 
and both the greateſt and the leaſt Altitude of thoſe Stars 
which never let, | 

14. The Arch of the Meridian contained betwixt the 14. Of the 
Pole of the World and the Horizon, is called the Ele- 1 | 
vation of the Pole, and fo likewiſe the Arch of the Me- of te E- 
ridian contained between the Equator and the Horizon, tr. 
is called the Elevation of the Equator. 15. Each of 

15. Each of theſe two Elevations, is the Comple- ::.| is the 
ment of the other to ninety Degrees, that is, either of Complement 


them being taken out of ninety Degrees, the Remainder LO 


: to ninety 
is the other, Degrees. 


ib. The Circles of Declination ſerve to ſhew the Di- oe _ Uſe 
ſtance of any Star from the Equator ; for what we call 4 f roll 


tNC viinatione , 


„ — 
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the Declination of a Star, is nothing elſe but an Arch of 
one of theſe Circles contained between the Star and the 
Equator. 

kg te 17. The Azimuths ſerve to ſhew the Altitude or E- 

of the Azi- : 4 ar 

mut bi. levation of a Star above the Horizon, or how far it is 
diſtant from this Circle, 

18, Anotker 18. The firſt Azimuth being that which cuts the 

Uſe of them. Meridian at right Angles, and from whence we begin 
to number the reſt ; it is evident, that if we know in 
what Azimuth any Star is, we can eaſily tell where to 

find it. 

19. The UT: 19. The terreſtrial Equator divides the Earth into 

of the ter- two 

_—_ E- the World is, is called the North, and the other the 

. 

20, Another 20. From this Circle we begin to reckon the- Lati- 

Uſe of it. tude, ſo that the Latitude of any Town or other Place 
of the Earth, is the Arch of a terre/trial Meridian con- 
tained betwixt ſuch a Town or Place on the Earth and 

| the Equator. | 

21. Thatche 21. They who live in the terreſtrial Equator, have 

Latitude of their Zenith in the celeſtial Equator, and they who live 

_— faces at any Number of Degrees diſtant from the terreſtrial 

wal to the 1 l - 

Elwation of Equator, have their Zenith as far removed from the ce- 

rbe Pele - leſtial Equator ; and becauſe there is always a quarter of 

ove tbe a Circle contained between the Zenith and the Horizon, 


equal Parts, that in which the Arctick Pole of 


932% this latter Circle muſt neceſſarily be as far diſtant from 
the Pole, as the Zenith is from the celeſtial Equator : 
So that the Number of Degrees of the Elevation of the 
Pole above the Horizon, is always equal to the Number 
of the Degrees of the Latitude ; wherefore if we know 
one of theſe, we know the other alto. 
22. Net 22, In order to find the Elevation of the Pole above 
8 the Horizon, we muſt obſerve the greateſt and leaſt 
te Þ.1; Height of any Star which never ſets, and half the Diffe- 
above the rence of theſe two Heights, added to the leaſt, or taken | 
Horiz". from the greateſt, will give the Elevation of the Pole. | 
23. 4% E- 23. Thus we obſerve at Paris, that the leaſt Height Wil 
am ple. of the Star next to the Pole above the Horizon is 46 


Degrees 25 Minutes, and its greateſt Height 5x De- 


grees, 25 Minutes, The Difference of theſe two Heights 
is 5 Degrees, the half of which is 2 Degrees, 30 Mi- 
nutes, which added to the leaſt, or taken from the 
greateſt Height, makes 48 Degrees 55 Minutes for the 
Elevation of the Pole, and conſequently this is the La- 
titude at Parts. | . 

24, It 
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is evident, that the Star ought to be viſible all that Time, 
1 | which ſhews, that ſuch Obſervations cannot be made but ter. 
in the long Nights of the Winter. 


begin to reckon the Longitude of every other Point in 
that Circle. For what we call the Longitude of any 
Place upon the Earth, is nothing elſe but the Arch of 
any Circle of Longitude, contained betwixt the firſt 

= Meridian and that Place, counting from Weſt to Eaft : 
Thus we ſay, that the Longitude of Paris is 23 De- 
grees 30 Minutes; by which we mean, that the Arch 
of the Circle of Longitude which paſſes through Paris, 
and is contained between that City and the firſt Meridi- 
an, is 23 Degrees, 30 Minutes, 


indeed if we ſuppoſe, that there are three hundred and 
ſixty Semicircles of Latitude equally diſtant from each 
other, and one hundred and eighty Circles of Longitude 
equally diſtant from each other alſo, they will divide 
each other by their Interſections into Degrees; ſo that 
if any Town be upon the thirtieth Circle of Latitude, 
this ſhews it to have thirty Degrees of Longitude ; and 
ſo likewiſe, if it be upon the fortieth Circle of Lon- 
gitude, reckoning from the Equator to the Pole, this 
ſhews it to have forty Degrees of Latitude. 


13 

3 24. It is to be obſerved, that if a Star be at its leaſt 24. Tbar the 
1 Height above the Horizon at a given Hour, it muſt de- firegoing „ 
ſcribe half its diurnal Circle, before it come to its greateſt ad ib 
Ii Height; and becauſe this will take up twelve Hours, it Elevation 1s 


praticable 
only in Win- 


235. The Uſe of the firſt Meridian, is to cut every 25. The U 


Circle of Longitude in a certain Point from whence we ; ary 


26. The Circles of Latitude and the Circles of Longi- 26. The Uſe 


1 tude, interſect and divide each other mutually. And 72 


27. Beſides theſe particular Uſes of the ſeveral Circles 27. The ge- 


of the Sphere now mentioned, there is one which is 
common to them all, and which ought principally to be ye, 
conſidered in this Place, and that 1s, that all of them to- 
gether, do firſt help us to determine the apparent Motion 
Jof every Star, by which Means we come to the Know- 
ledge of their true Motions, Let us firſt examine that 
of the Sun, the Properties of which ought to be en- 
quired into before we conſider thoſe of the other Stars, 
das being moſt neceſſarily to be known. 


CHAP. 


neral Uſe of 
all the Cir- 


— 
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C HAP. VI. 
Obſervations about the Sun's Motion. 


1. The ff HE Sun ſeems to us to deſcribe _ Day from # 
Phenomenon Eaſt to Weſt, a Circle parallel to the Equator. 4 
2. The ſe- 2. We dbferve; that the Sun does not deſcribe an 4 
cond Foa. exact Circle every Day ſucceſſively, for it does not riſe © 3 
. preciſely i in the ſame Point of the Horizon any Day that 

it did the Day before. E. 
4. The ebied . The Sun ſo alters its Courſe, in pafling croſs the A 
Phanmenn Horizon and Meridian, as to make a great many Revo- 


S 
lutions in the Northern and a great many in the Southern 


Parts of the World. 

4. The 4. There are certain Limits in the Horizon and in the 

2 5 b Meridian, which the Sun never paſſes ; theſe 2 

the Meridian, are twenty three Degrees and a Half diſ- 

tant from the Equator on each Side. 

© We % 8. When the Sun riſes near either of theſe Limits, 4 

Pbænomenen the Place of its riſing, and alſo that where it croſſes the 
Meridian, is leſs ſenſibly altered, than when it is near 
the Equator, 

6. The fxth 6. The Sun moves ſlower from Eaſt to Weſt than 

Prenmer the fixed Stars, as is eaſy to be obſerved ; for if at an 
Time we fee a Star in the Meridian two or three Hours | 
after the Sun is fet, and look upon the ſame Star a 
Month after at the ſame Hour from Sun ſet, the Star | 
will be got thirty Degrees diſtant from the Meridian. 


„ The J. The Sun appears bigger in the Southern Part than 
fewenth in the Northern, 


COD 8. "The Sun makes ſeven or eight Rev olutions more 
eighth in the Northern than in the Southern Part. ; 


Phenomenon 


CHAP, 
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CHAP. VII. 


Conjectures how to | explain the Phenomena of 
4 the S UN. 


4 LI T us imagine in the Sphere of the World, a Cir- % %, 
e cle, whoſe Poſition is ſuch, that cutting the c#- 4g Fel pit 
= leftial Equator in two Points diametrically oppoſite to 
each other, it makes with it an Angle of twenty three 

bs Degrees and a half: This Circle we ſhall henceforth call 

the Eclipticł. 

3 2. Let us imagine further, that the Sun is ſo car- * 27 {nl 
ried from Eaſt to Weſt by the common Motion of the Arten. 

he whole Heavens, that whilſt it goes once round in this 
manner, the Place of the Heavens in which it is con- 

I tained (and which may be called its oyyn particular 
Heaven) carries it from Weſt to Eaſt in the Plane of 

the Ecliptick, in which it advances near a Degree every 

Day, in a Circle whoſe Circumference is not every 
where equally diftant from the Earth, but is a little 

nearer it in the Southern Part of the World, than in 

the Northern. 

3. This Circle, whoſe Center is different from the 3. 0f che 
Center of the Earth, is called the Sun's excentrick Orbit: oops Oe 
That Point of it, which is at the greateſt Diſtance from phy of its 
the Earth, is called the Apagæum, and that Point which Apagæun 
is neareſt, is called the Perigæum. . 

4. By means of this Hypotheſis, of which Hipparchus 4 7511 is 
was the Inventor about one hundred and twenty Years Hippar- 
before the Birth of our Saviour; not only all Phæno- %. 23 
mena which we juſt now mentioned, may be accounted jjver all rhe 
for, but all thoſe likewiſe, which may be here or elſe- Phenmenae 
where obſerved. | 


3 5. And fr/?, Becauſe the whole Heavens move round, 5+ V the 
from Eaſt to Weſt, it is evident, that the Sun muſt like- ral 4” wg 
viſe move round in the ſame manner, and deſcribe a Eft». 
Circle parallel to the Equator. 

6. Secondly, Becauſe the Sun goes forward near a De- 6: by it 
Eree in the Ecliptick every Day, it muſt change its De- es Flee 
clination every Day, that is, its Diſtance from the E- in the Ho- 
quator; and conſequently it muſt riſe every Day in a *. 

different Place, and never croſs the Horizon two Days 
together in the ſame Point, | 


7. Thirdly, 
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7. Why it 7. Thirdly, The Ecliptick extending it ſelf both into 
—_— dae the Northern and Southern Part of the World; the Sun 
in the Ner- in paſſing through all the Degrees of it, muſt neceſſarily 
every ard make a great many Revolutions on each Side of the 
Part nit Equator . : 

8. Wy 8. Fourthly, And becauſe it never moves out of the 


"_ ae Ecliptick, it can never be further diſtant. from the Equa- 
Bounds in tor, than the Ecliptick it ſelf is; therefore there are cer- 
worch the tain Limits both in the Horizon and Meridian, beyond 
Sun res. which it never paſſes, 
9. Why tbe 9g. Fifthly, As the Poſition of the Circumference of the 
San de Ecliptick in the Heavens now is, the extreme Parts of 
Places of the ſame Degree are not ſo unequally diftant from the 
BJ's 2:4 Equator, in thoſe Places of the Ecliptick which are fur- 
Day equally theſt from it, as in thoſe Places where theſe Circles in- 
alike. terſect each other. Wherefore the Sun ought not ſo ſen- 
ſibly to alter its Diſtance _— Equator every Twenty- 
four Hours, when it. is near thoſe Points where the Eclip- 
tick and Equinoctial Circle are at the greateſt Diſtance, as 
when it is near where they interſe& ; and conſequently it 
muſt at that Time leſs ſenſibly alter its Place of Riſing 
and Setting and croſſing the Meridian every Day. 
10. My tbe 10. Sixthly, The Motion of the Sun, from Eaſt to 
ae Weſt, ought to be ſo much ſlower than that of the 
225 2 „fixed Stars, as it advances every Day towards the 
tban the h- 
11. N55 wu II. Seventhly, The Sun being nearer the Earth when 
Sun appears it is in the Southern Part, than when it is in the Nor- 


ometimes - i 1 . 
2  , thern, it ought to appear bigger in the one than it does 


at other in the other . 
Times. 12. Eighthly, Becauſe there is a greater Part of the 


12. H by the 


San aefribes Sun's Excentrick Orbit contained between the Equator 
more Revo and the Arctick Pole, than between the ſame Equator and 
butions in tbe the Antarctick Pole, therefore the Sun has mare Degrees 
Northern . 

than in tbe to paſs through, and conſequently more Revolutions to 
8outbern make in the Northern, than in the Southern Parts of the 


Parts, World. ; 

13. Nbytbe 13. Now if we look upon an Artificial Sphere, which 
pain voc repreſents the natural Globe of the World, we ſhall ſee 
“ that amongſt all the diurnal Circles which the Sun de- 


Length, ſcribes every Day, it is the Equator only which is cut 


into two equal Parts by the Horizon, and that thoſe Cir- 
cles which are on the Northern Part of the World, have 
the Diurnal Arch bigger than the Nocturnal, and thoſe 


on the Southern Part, have on the contrary, the Noctur- 
nal Arch bigger than the Diurnal; hence it neceſſarily, 
fol- 


Fa 
* 
5 2 
3 
| 
. 
4 
f 
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follows, that when the Sun is in the Equator, the Days 
and Nights muſt be equal, when the Sun is in the Nor- 
thern Parts, the Days muſt be longer than the Nights, 
when it is in the Southern Parts, the Nights muſt be 


longer than the Days. ; EE 

14. We ſhall alſo ſee that the Difference betwixt the |, hn 
diurnal and nocturnal Arch of one and the ſame Circle, and ſporeeft 
is ſo much the greater as the Circle is further diſtant Days 
from the Equator; whence it follows, that the longeſt 
Day muſt be, when the Sun is at its greateſt Diſtance 
that it can be from the Equator on that Side where the 
viſible Pole is; and on the contrary, the ſhorteſt Da 
muſt be when it is furtheſt diſtant towards the inviſib 
Pole. 

15. If we place the two Poles of the artificial Sphere 15. Thar rhe 
in the Horizon, in order to repreſent the Situation of the > ns 
natural Globe, with reſpect to thoſe People who live in — 3 
the Equinoctial Circle, we ſhall ſee that all the diurnal 2241 0 chem 


Circles are divided into two equal Parts; and there- % 1 
under the 


fore to thoſe People the Days are always equal to the zur. 


Nights. 

1 We may obſerve alſo, that the further any Place — The fab 
is diſtant from the Equinoctial Line, and conſequently ,, 4" 
the higher the Elevation of the Pole be, ſo much the ten tte 
greater alſo will the diurnal Arches be than the Noctur- ag aro 10 
nal, on that Side where the Pole is elevated: Whence — Yah 
it follows, that when the Sun deſcribes theſe Arches, the 
Days ought to be longer than the Nights in proportion to 
the Diſtance from the Equinoctial Line. | 

17. The diurnal Circle, which the Sun deſcribes when 17; Thar 
it is at the greateſt Diſtance from the Equator towards 1 7s one 
the viſible Pole, being diſtant from the Equator 23 De- „e 
grees and 30 Minutes, it follows, that it is diſtant from Bus lng, 
the Pole of the World 66 Degrees and 30 Minutes, "ec ine 
This being ſo, thoſe People who are in the Latitude of % 9 
66 Degrees and 30 Minutes, which is the heighth of 66 Deg 
the Pole to them above the Horizon, muſt neceſſarily 39 Minutes. 
ſee this whole diurnal Circle ; whence it follows, that 
they have one Day Twenty-four Hours long. - 

18. By elevating the Pole of the artificial Sphere above 18. 7har 
the Horizon to the Zenith, ſo as to repreſent the Situ- 5% who 
ation of the natural Globe, with regard to thoſe People 5 
who live upon the Pole of the Earth; we ſhall find the bave « Day 
celeſtial Equator to coincide with the Horizon; and 2 Night 
therefore, ſo long as the Sun is in that Part of the 1 ee 
World, where the Pole is elevated, it will be always 


Vor. B | viſible 
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7. Why it 7. Thirdly, The Ecliptick extending it ſelf both into 
<:ferive the Northern and Southern Part of the World; the Sun 
in the Nor- in paſſing through all the Degrees of it, muſt neceſſarily 
evern ard make a great many Revolutions on each Side of the 
Pars, Equator. ; 
8. Wy 8. Fourthly, And becauſe it never moves out of the 
_ are Ecliptick, it can never be further diſtant from the Equa- 
5 in tor, than the Ecliptick it ſelf is; therefore there are cer- 
which the tain Limits both in the Horizon and Meridian, beyond 
dun res. which it never paſſes, 
9. by the 9g. Fifthly, As the Poſition of the Circumference of the 
San dc 79% Ecliptick in the Heavens now is, the extreme Parts of 
Places of the ſame Degree are not ſo unequally diſtant from the 
Ze Equator, in thoſe Places of the Ecliptics which are fur- 
Bos theſt from it, as in thoſe Places where theſe Circles in- 
alike, terſect each other. Wherefore the Sun ought not ſo ſen- 
ſibly to alter its Diſtance from the Equator every T wenty- 
four Hours, when it. is near thoſe Points where the Eclip- 
tick and Equinoctial Circle are at the greateft Diſtance, as 
when it is near where they interſect; and conſequently it 
muſt at that Time leſs ſenſibly alter its Place of Riſing 
and Setting and croſſing the Meridian every Day. 
10. Wiythe 109, Sixthly, The Motion of the Sun, from Eaſt to 
Sun 99 Weſt, ought to be ſo much flower than that of the 


lower from 


Eaft tone, fixed Stars, as it advances every Day towards the 


than the f- Eaſt. 
11. V5 * II. Seventhly, The Sun being nearer the Earth when 


Sun appears it is in the Southern Part, than when it is in the Nor- 


Jometimes thern, it ought to appear bigger in the one than it dees 


bigger than . | 
3 in the other. 


Times. 12, Eighthly, Becauſe there is a greater Part -of the- 
Sun's Excentrick Orbit contained between the Equator 
more Revo and the Arctick Pole, than between the ſame Equator and 
lutiont in the the Antarctick Pole, therefore the Sun has mare Degrees 
to paſs through, and conſequently more Revolutions to- 
Southern make in the Northern, than in the Southern Parts of the 


Sun deſcribes 


Norebern 
t ban in tbe 


Parts, World. . 
13. Ny tbe 13, Now if we look upon an Artificial Sphere, which 


Days are not repreſents the natural Globe of the World, we ſhall ſee 


4 that amongſt all the diurnal Circles which the Sun de- 


Length, Acribes every Day, it is the Equator only which is cut 


into two equal Parts by the Horizon, arid that thoſe Cir- 
cles which are on the Northern Part of the World, have 
the Diurnal Arch bigger than the Nocturnal, and thoſe 
on the Southern Part, have on the contrary, the Noctur- 
nal Arch bigger than the Diurnal; hence it neceſſarily, 


fol- 


1 
4 
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follows, that when the Sun is in the Equator, the Days 
and Nights muſt be equal, when the Sun is in the Nor- 
thern Parts, the Days muſt be longer than the Nights, 
when it is in the Southern Parts, the Nights muſt be 


longer than the Days. 1 

14. We ſhall alſo ſee that the Difference betwixt the , 3 
diurnal and nocturnal Arch of one and the ſame Circle, and bore 
is ſo much the greater as the Circle is further diſtant Pay. 
from the Equator; whence it follows, that the longeſt 
Day muſt be, when the Sun is at its greateſt Diſtance 
that it can be from the Equator on that Side where the 
viſible Pole is; and on the contrary, the ſhorteſt Da 
muſt be when it is furtheſt diſtant towards the inviſib 
Pole. 

15. If we place the two Poles of the artificial Sphere 15. Thar rhe 
in the Horizon, in order to repreſent the Situation of the Dt and 
natural Globe, with reſpect to thoſe People who live in — — > 
the Equinoctial Circle, we ſhall ſee that ail the diurnal gza! t chem 
Circles are divided into two equal Parts ; and there- =_ 0 
= to thoſe People the Days are always equal to the — 

ights. 

16, We may obſerve alſo, that the further any Place 15. The fur- 
is diſtant from the Equinoctial Line, and conſequently — 1 
the higher the Elevation of the Pole be, ſo much the fromete 
greater alſo will the diurnal Arches be than the Noctur- see the 
nal, on that Side where the Pole is elevated : Whence the Days: 
it follows, that when the Sun deſcribes theſe Arches, the 
Days ought to be longer than the Nights in proportion to 
the Diſtance from the Equinoctial Line. 

17. The diurnal Circle, which the Sun deſcribes when 27. Par 
it is at the greateſt Diſtance from the Equator towards e 11 one 
the viſible Pole, being diſtant from the Equator 23 De- e 
grees and 30 Minutes, it follows, that it is diſtant from 221 lng, 
the Pole of the World 66 Degrees and 30 Minutes, e ihe 
This being ſo, thoſe People who are in the Latitude of 3 
66 Degrees and 30 Minutes, which is the heighth of 66 Degre s 
the Pole to them above the Horizon, muſt neceſſarily 39 Minutes. 
ſee this whole diurnal Circle; whence it follows, that 

they have one Day Twenty-four Hours long. - 

18. By elevating the Pole of the artificial Sphere above 18. Thar 
the Horizon to the Zenith, ſo as to repreſent the Situ- g who 
ation of the natural Globe, with regard to thoſe People OE 
who live upon the Pole of the Earth; we ſhall find the ave a Day 
celeſtial Equator to coincide with the Horizon; and d Night 
therefore, ſo long as the Sun is in that Part of the 1 GS 
World, where the Pole is clevated, it will be always 


Vor. I. B viſible 


18 


19. bat 
tbeZodiacł 
11. 
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viſible to that People, that is, it will be Day all that Time; 
and on the other Hand, as the Sun will be inviſible as lon 
as it continues in the other Part of the World, it follows, 
that their Night will be very near as long as their Day was. 
19. We imagine the Ecliptick, as we do all the other 
Circles of the Sphere, not to have any Breadth ; but we 
take a Breadth of fix Degrees on each Side of the Eclip- 


tick to compoſe a Breadth of twelve Degrees, to which 


20, Of tbe 
tue lue 


Sign. 


21. Of tte 
Names of 
the Sign 


22 Whence 
theſe Names 
were or- 
ruwwed, 


23. Of the 
E quinoti al 
Pint. 


24. Of the 
doljiices. 


25, Of the 
1709 119+ 


Picks. 


we give the Name of Zodiach; fo that we may ſay, the | 


Sun is always in the Middle of the Zodiact. 

20. This Circle is commonly divided into twelve 
equal Parts, which are called the Twelve Signs, the order 
of which is reckoned from Weſt to Eaſt, beginning at 
the Point where the Equator and Ecliptick interſect 
each other, and where the Sun by its proper Motion 


paſſes from the Southern to the Northern Parts of the 
World. 


21. The Names which the Antients thought fit to | 


give to the Signs, are, Aries, Taurus, Gemini, Cancer, 


Les, Virgo, Libra, Scorpio, Sagittarius, Capricornus, . 


Aquarius, and Piſces. | 


22. Theſe Names are taken from the twelve Conſtel- 
lations which were in theſe Signs in Hipparchus's Time; 
but they have changed their Places ſo much ſince, that the 


Conſtellation called Aries, is got out of the Sign Aries 
into that of Taurus, and ſo of the reſt. 


23. There are four remarkable Points in the Ecliptick, 
two of which are in thoſe Places where the Ecliptick | 
and Equator interſect cach other, which are called the | 


Equnottial Points in particular, becauſe when the Sun 


is in theſe Points, it is the Equinox, that is, the Days | 


and Nights are equal. 


24, The other two Points are in thoſe Places which | 
are furtheſt diſtant from the Equator, and are called the | 


S9!/7ices, that is, the Points where the Sun ſeems to ſtand 


itill ; not that when it is got thither, it does not move | 


as uſual, either with that Motion which it has in com- 
mon with the Heavens from Eaſt to Weſt, or with its 
own proper Motion in its Heaven from Weſt to Eaſt ; 
but becauſe it does not ſeem to advance either towards 
the North or the South. 

25. When the Heavens turn round in twenty-four 
Hours, the Solſtitial Points deſcribe two Circles parallel 
to the Equator, which are called the Tropicks ; that is cal- 
led the Tropick of Cancer, which is deſcribed by the firſt 
Point of the Sign Cancer; and that is called the Tropick 


7 
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of Capricorn, which is deſcribed by the firſt Point of 
the Sign Capricorn. ' | 
26. As the Ecliptick is Twenty three Degrees and a 26. Of the 
| half diſtant from the Equator, ſo are the Poles of the f ci. 
| Ecliptick as far diſtant from the Poles of the World; 

Whence it follows, that by the diurnal Motion of the 
Heavens, the Poles of the Ecliptick muſt deſcribe Cir- 
cles parallel to the Equator, which are Twenty-three 
Degrees and a half diſtant from the Poles of the World, 
and theſe are called the Polar Circles. 

27. If we transfer the two Tropichs, and the two Polar 27. Of the 
Circles to the Surface of the Earth, it will be divided 2 
into five Parts, which are called the five Zones ; that 
{ which is contained between the two Troprcks, is called 
the Torrid Zone ; thoſe which are contained between the 
Tropicks and the Polar Circles, are called the Temperate 
Zones ; and the two remaining ones, each of which are 
comprehended in a Polar Circle, are called the Frigid 

Zones. | 

28, The Time in which the Sun goes through the 28. of « 

whole Ecliptick, is called a Year, and is 365 Days, 5 Year, and 


+" 
c 


— 2 Hours, and about 49 Minutes. 7 
209. That this Year might obtain all over the Roman 29 Of the 
ic Empire, and that the 5 Hours and 49 Minutes which Joly Fas 
| . a 

*s IF the common Year conſiſts of above 365 Days, might „ „ nacb. 


make the leaſt Error that could be; Julius Ceſar ap- 
„ pointed, that for the future, every fourth Year ſhould 
'k conſiſt of 366 Days; by this means the Year would not \ 
he be above eleven Minutes, or thereabouts, longer than it 
in ſhould be; which was thought to be an inconſiderable 
ys Error. | 
| 30. However, this Error ſo increaſed by little and 30. / the 
ch little in length of Time; that whereas in the Times ao ra 
he of the firſt Chriſtians, the Sun entered into Aries not till 
nd WF the twenty-fhrſt Day of March, fifteen hundred Years 
we BY after it entered the eleventh, which is ten Days diffe- 
rence: And this was, the Reaſon of Pope Gregory the 
its XIIT's ordaining, that this Error of ten Days ſhould be 
ſt; taken out of the Year 1582, ſo that inſtead of conſiſt- 
rds ing of 365 Days, it ſhould conſiſt only of 355: And 
becauſe in length of Time the ſame Error would hap- 
our pen again, if there were no regulation made, he ap- 
pointed, that in the firſt Year of every Century, except 


cal- every four hundredth Year, the intercalated Day ſhould 
firſt be left out. 


if | Vol. II. B 2 37. As 
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31. Why tbe 31. As the Engliſh and ſome other Nations have not 
2 received this Alteration, ſo they differ ten Days in the 


written by Dates of their Letters. Thus when we reckon it the 
different t wenty-fifth of January, they reckon it but the fif- 


Nations the 
ſame Day, teenth. ; : 
do not al.. 32. The Time which the Sun takes up in paſſing 


Dee through the Signs, Aries, Taurus, and Gemini, is called 


oof 85 the fir/t Seaſon of the Year, or the Spring; and as the 
Sun is found to be in the firſt Point of Aries, about the 
twenty-firſt Day of March; the Spring begins upon 
that Day. 
33. Obe 33. The Time in which the Sun paſſes through the 
dunner. three following Signs, viz. Cancer, Leo, and Virgo, is 
called the Summer; and begins about the twenty-firſt of 
une, | 
34. Of te 34. The Time in which the Sun paſſes through the 
Autumn. Signs, Libra, Scorpio, and Sagittarius, is called the 
Autumn, which begins about the twenty-third of Sep- 
tember. | 3 
25. Of tte 35. And the Time which the Sun paſſes through the 
Winter. Signs, Capricorn, Aquarius, and Piſces, is called Win- 


ter, and begins about the twenty-firſt of December. 


36. The 36. We find it hotter when the Sun is near the Sum- 


falſty ** mer than when it is near the Winter Solſtice; which 
77 ee has been hitherto attempted to be explained, by ſaying, | 


ſon all:4ged 


for its being that the Rays of the Sun fall leſs oblique upon the Sur- E 


better in face of the Earth in the Summer thar. in the Winter. | 
Summer . T3 . | 2 4 
an in But this Opinion appears very improbable, if we conſi- 
Winer, der that the Superficies of the Earth is not ſmooth like 
a Looking-Glaſs, but very rough and unequal, ſo that 
the Rays fall perpendicular upon as many Places in 
Winter as in Summer. 5 
37. Thetrue 37. We may with more Probability ſay, that the Su- | 


Kea ſon coby perficies of the Air in which we live, when it is at the 
„n Height of about two or three Leagues, where there is 


zn Summer 


chan in never any Winds or Clouds, is perfectly ſmooth and 
even, like all other Liquors which are not in Motion; 


Winter, 


and as it is the Property of the Rays of Light when they 
are about paſſing out of one Medium into another, not to 


enter all of them, ( 1) but to be reflected in a greater Num- 
ber, 


(r) But to be reflected in a greater tion, the thinner they fall, even from 
Number) To this we may add, that the very Nature of Obliquity both up- 
the more oblizue the Rays fall, be- on the Atmoſphere, and upon the 
fades ther being hindered h Refice- Surface of the Earth, Thus the _ 

E 


<q ft =» IN» — a 


up- 
the 


ay? 


* 

* * 

xf 
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ber, as they fall more obliquely; it follows, that there 
muſt come a greater Number of Rays to us, when the 
Sun is near the Summer, than when it is near the Win- 
ter Solſtice. And from this greater Number of Rays 
which come to us at that Time, ariſes the Heat which 
we feel in Summer. 

38. Hence we may conclude, that the nearer the Sun 38. The 
approaches the Zenith of any Place, the hotter it is: 5 
Thus, becauſe it approaches nearer the Zenith at Rome, cbe Bqui- 
than at Paris, therefore we find it is hotter at Rome than no#ial Line, 
at Paris. | 2— 

39. We may conclude alſo, that it is hotter under the 39. That it 
EquinoQtial Line, than in any other Part of the Earth; * Pete of 


as well becauſe the Sun paſſes twice in a Year through — wort 


the Zenith of thoſe who live there, as becauſe it is 
never ſo far diſtant from their Zenith, as from that of 
others. 

40. However, it may ſo happen, that Experience may 49: 1. 
ſeem to contradict this Argument; for there may be, . "cha 
in ſome Places, particular Cauſes which may augment mate ſome 
or diminiſh the general Cauſe, The particular Cauſes r 
are theſe three; the Winds, the Quality of the Earth, Cocks 
and the Situation of it. For, Firſt, It is certain, that 
the Winds which blow from the Sea to the Land, muſt 
very much abate the Heat, Secondly, The more ſandy 
the Earth is, the fewer of the Sun's Rays does it abſorb; 
and conſequently, beſides the Heat which they cauſe by 
falling directly, they muſt alſo increaſe the Heat of the 
Air by being reflected. La/tl, The lower any Place is 
(provided the Sun comes as much to it) the groſſer an 
thicker is the Air, which therefore cauſes us to feel 
Heat more, 

41. When the Sun's Motion is once eſtabliſhed ac- 47. How to 
cording to the Rules of Geometry, it is very eaſy e #7 
make Tables which ſhall ſhew in what Point of the aten every 
Ecliptick the Sun is every Day: There are alſo Tables Day. 
which contain the Declination of every Point of the 
Ecliptick, ſo that we can know exactly the Declination 


of the Sun every Day at Noon. 


BC when they fall perpendicular- MO fall oblique, they take up 2 
ly, are all of them larger Superficies DH, and therefore 
Tab. XVII. received by the Su- cauſe leſs Heat, | becauſe they ate 
Fig. 4. perficies SG; but thinner; 
when the ſame Rays | 


B 3 42. Hence 
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42 How to 


42. Hence we may eaſily find the Latitude of the Place 

2 2 where we are any Day of the Year, provided the Air be 
Place 8 clear. For we need only take the Meridian Altitude of 
we are. the Sun with an Inſtrument, that is, its greateſt Altitude 
that Day; then if the Sun be in that Part of the World 

whoſe Pole is inviſible, add its Declination to the Me- 


ridian Altitude, or if it be in that Part of the World 


whoſe Pole is viſible, ſubduct this Declination from the 


Meridian Altitude, and the Sum or Difference will be 5 | 
the Altitude of the Equator, the Complement of which 
to go Degrees is the Elevation of the Pole, which is 


equal to the Latitude ſought, 
41. Of the 


C/tmater,ard 


of them, 
mean, @ Tradt 0 


43. (1) Hence we may alſo find what the Latitude of . 
bow to fing any Place mult be, that the longeſt Day of Summer may 
tbe Number be of a given Length: Whence we may determine the 
Bigneſs of every Climate: For by the Word Climate, we 
of the Earth comprehended betwixt two i 
Circles parallel to the Equator, at ſuch a Diſtance from 
each other, that there is half an Hour's Difference between i 


the longeſt Day of Summer in the one, and the longeſt Day 'Y 


44. That 


there are 


twenty four 
Climates be. 


tebeen the 


Equater and 


ea'h Polar 
Circle. 


of Summer in the other. 


44, The further we go from the EquinoCtial, (2) the 4 
more the longeſt Day increaſes, till we come to the Po- 
lar Circle, where the longeſt Day is twenty-four 1 a 
that 


1) Hence we may alſo rd, &c.) 
The greateſt Declination of the Sun 
being given. For when the Sun ri- 
ſes in the 7ropich, we may imagine 
a right-ang/ed ſpherical, Triangle 
compoſed of the Complement of the 
tore mentioned Declination as the 
Baſe, and the ſought Altitude of 
the Pole, and the Arch of the Hori- 
⁊on contained between the Sun and 
the Point where the Meridian cuts 
the Horizon in the Northern Parts 
as the Sides. Now in this Triangle 
the Baſe is given, and the acute An- 
gle at the Pole is alſo given, by 
means of the adjoining obtuſe An- 
gle, viz. half the given Length of 
the Day, converted into Degrees, in 
the Equinoctial Line; from whence 
may be found the Altitude of the 
Pole ſought. So likewiſe the Length 
of the longeſt Day may be found, 
if the Altitude of the Pole be given. 
But if we would know the Length 
of the continual! Days in thoſe Pla- 
ces Which are within the Polar Cic 
cles, viz. in the Montbly Climanes, 
(ce Arte 45. of this Chap.) we mutt 


take the Altitude of the Pole out of 
ninety Degrees, and the Remainder 
will be the Declination of the Be- 
ginning of that Arch in the Eclip- 
tick which is always elevated above | 


the Horizon ; twice the Diſtance of 


which, beginning from the Begin- n 
ning of Cancer, will make the whole 
Arch that is always viſible : How 


long the Sun is moving through this 


Arch, muſt be had by computing his 
true Motion from the Aftronomical } 
Tablet, By the ſame Method on the 
contrary, from the given Length of 


the continual Nay, may be found the 
Altitude of the Pole in any of theſe 

Menthly Climates. 
(2) The more the lenge Day in- 
creaſes, c) Not only the lor ger, but 
the more unequally longer alſo, as ig 
evident from the following Article, 
In order therefore to explain this 
great Irzequality of the Climates, let 
us ſuppoſe a great many oblique Heri- 
aon to be made by receding with 
an equable Motion from that which 
is called the right Horizon ; it is e- 
vident, that all theſe Horizons by 
their 
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that is, twelve Hours, or twenty-four half Hours longer 
than under the Equator : Whence it follows, that there 
muſt be twenty-four Climates, betwixt the Equinoctial 
and the Polar Circle ; and becauſe the longeſt Day at 
Paris is ſixteen Hours, that is, eight half Hours longer 
than under the Equinoctial Line; therefore Paris is ſi- 
tuate in the End of the eighth, or the beginning of the 


ninth Climate. 


*Z 


45. When we go beyond the Polar Circle towards 
the Pole, we ſhall find a very great Increaſe of the longeſt Climares 


Day of Summer ; wherefore in thoſe Places, 


we mean 


by the Word Climate, a Tract of Land, comprehended 
between two Circles parallel to the Equator, at ſuch a 
Diſtance from each other, that there is a Month's Dif- 
ference between the longeſt Day of Summer in the one, 


and the longeſt Day of Summer in the other. 


Now be- 


cauſe at the Pole it ſelf, it is continual Day for ſix 
Months, therefore there are fix Climates betwixt the Po- 


lar Circle and the Pole, 


46. As many Climates as there are betwixt the Equi- 
noctial Line and one of the Poles, ſo many ought we 
to imagine betwixt the ſame Line and the other Pole ; 


whence it follows, that there are any 
T his does not indeed agree with the 


Climates in all, 
ritings of the An- 


tients, who did not reckon near ſo many, but the Dif- 
ference ariſes from hence ; that they confined the Word 
Climate to the habitable Parts of the Earth; and be- 
cauſe the Zones towards the Antarctick Pole were un- 
known to them and eſteemed inhabitable, as well as the 
torrid Zone, and the Northern frigid Zone, therefore 
they reckoned but a very few Climates, 


their Interſe&ions with the Semi- 
circle of the Tropick that is elevating, 
will form Chords diſtant from each 
other by fuch unequal Arches, that 
thoſe of them which are formed by 
the moſt oblique Horizons, are a 
great deal further diſtant from each 
other, than thoſe of them which are 
formed by the leaſt oblique Horizons ; 
much after the ſame manner, as the 
Arches contained between the Ex- 
tremes of two Chords at ſome Diſ- 
tance from the Diameter of any Cir. 
cle, are greater than thoſe between 
two Chords at the ſame Diſtance from 
each other, which are nearer the 
Diameter. By the ſame Similitude, 
may that other Inequality of the 
Monthly Climates be explained, if 


B 4 


we imagine diurnal Circles to form 
Cbords in the ſame manner, by their 
InterfeQtions with the Ecliptick. For 
it will appear, that two ſuch Chords 
that are near the Treopick, contain 
bigger Arches of the Ecliptick be- 
tween their Extremes, than two at 
the ſame Diſtance from each other 
which are nearer the Equator ; and 
the diurnal Circles which are near 
the Trepick, may be conceived to be 
much thicker and cloſer than thoſe 
near the Equator, and therefore there 
is no need of receding ſo much from 
a right Spbere, in order to make 
thirty of the thickeſt of them riſe 
entirely above the Horizon, as ta 
make io many of thoſe which are 
not ſo thick, riley 

47. T hat 


23 


45. How to 
determine the 


beyond the 
Polar Cir- 
cle. 


46. Why the 
Antients did 
not reckon fa 
many Cli- 

mates at the 


M:derns. 
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Me the 47. That we may not omit any Thing relating to the 

f al. Sun, we mult take notice, that his Apag æum has alte- 

ed, and red its Place in the Heavens; for at the Time of our 

= _ Saviour, it was in the Eighteenth Degree of Gemini, and 

W n now it is in about the Eighth Degree of Cancer. It is 
obſerved alſo, that the Diſtance between the Center of 
the Earth, and the Center of the Sun's excentrick Orbit, 
which is called his Eæcentricity, is not ſo great as it was 
formerly; ſo that the Sun is not ſo far diſtant from us 
in Summer as it was, but a little further diſtant in 
Winter. 

43. That 48. The Progreſs of the Apagæum, and the Diminu- 


theſe Ale, tion of the Excentricity, are not according to any Rules; 


2 


Tations are 


wery irre. and of all the Hypotheſes hitherto made, there have been 
gular, none that would entirely agree with the Obſervations 
made by Aſtronomers at different Times. 
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CHAT. TAL 
Obſervations and Conjectures about the fixed Stars. 


3, Whence B ECAUSE it will take up a great many Apes to | 
el obſerve the Phenomena of the fixed Stars; and be- 
bave not a! Cauſe late obſervers have taken notice of many Parti- 
egred about culars, which eſcaped thoſe who went before; therefore 
_—— there have been very different ConjeCtures made from 
Stars, time to time about their Motions. 
+. Hepp 2+ Hipparchus lived the greateſt Part of his Life, with- 
chus tbengbe out obſerving any Thing more of the fixed Stars, but 
- oe 'bejixed that they moved from Eaſt to Weſt in Circles which ap- 
e wc * peared exactly parallel to the Equator : which made him 
EA re. conclude, that they were all placed in the ſame ſolid 
Heaven ( which is called the Firmament) which he ſup- 
poſed to be (1) beyond all the Planets ; and becauſe he 
did not ſee any Neceſſity that this Heaven ſhould derive 
its Motion, which is a {imple one, from any other 
Reaven above it ; he therefore aflirmed this to be the 
laſt of the Heavens, and that it turned all the others 


round along with it, and therefore is the Primum Mable, 


(1) Beyond all the Planett, &c.) Stars, See the Notes on Chap, xxv. 
Concerning the Diftance of the fixed Art, 3. of this Part, 


3. It 


fixed Stars never altered their Places in the Heavens, he 
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3. It being then the Opinion of Hipparchus, that the + 2 by 
he Longi- 
thought they would be of uſe to determine the Courſes OT 


of the Planets; in the ſame manner as Rocks in the Sea Leu of 
are made uſe of to obſerve the Courſe of Ships which 


the fixed 
St ars, 


leave no Tract behind them: He therefore imployed all 
his Pains, to meaſure the Diſtance of every fixed Star 


1 from the Ecliptick, which is called the Stars Latitude; 


and to find out how many Degrees and Minutes of 
the Ecliptick, reckoning from Weſt to Eaſt, there were 
between the firſt Point of the Sign Aries, to the Point 
directly againſt every fixed Star; which is called its Lon- 
gitude : But he being prevented by Death, it was left to 
Poſterity to finiſh what he deſigned. 

4. Ptolemy, who lived about two hundred Years after 4- The ap- 
Hipparchus, propoſed to eftabliſh the Motion of the ? — = 
Planets ; and having the Curioſity to obſerve whether his ed Starr 
Predeceſſor had been exact in determining the Longitude t 0 


and Latitude of the fixed Stars; he obſerved, that 4 


their Latitude was exactly the ſame as -Hipparchus found lemy. 


it, but that their Longitude was increaſed two De- 
grees. | 

5. From hence he concluded, that beſides: the Moti- 5; Dei 
on of the fixed Stars from Eaſt to Weſt in twenty-four 77600 Me 
Hours, they had another Motion from Weſt to Eaſt in fis. 
Circles parallel to the Ecliptick, in which having advan- 
ced two Degrees in two hundred Years, their periodical + 
Revolution would be compleated in thirty-ſix thouſand 
Years, 

6. And becauſe the Firmament can have but one Mo- 6. Hew 4 
tion only belonging to it, he aſcribed. this Motion of Ii a, 
Thirty-ſix thouſand Years to this; and made the diurnal 72 5: Ha- 
Motion from Eaſt to Weſt, to depend upon another %% 4. 
Heaven which is beyond it: And thus the Primmm Mo- e 
bile, as a Heaven in which there were no fixed Stars, went. 
and which included the Firmament in it, began to be 
received. 

7. The Aſtronomers who have been ſince Hipparchus, 7: That the 
have acknowledged the Motion of the fixed Stars from may 3d | 
Weſt to Eaſt, which is increaſed ſo much, that the Lon- Stars from 
gitude of every fixed Star is become about 28 Degrees Zen 4e Wi# 
more than it was in our Saviour's Time; but becauſe * __ 
this Progreſs hath been unequal in different Centuries, 
there have been different periodical Times aſſigned. Some 
have affirmed, that it takes up forty-nine thouſand Years 


to 
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to compleat an entire Revolution of them, others but 
twenty-five thouſand, and others ſtill different: but later 
Aſtronomers, who had the Advantage of the Obſervations 
of others, have declared the Motions of the fixed Stars 
to be irregular, and that it is impoſlible preciſely to de- 
termine the Time of their Revolution. | 

3. How the 8. Becauſe this Opinion did not agree with the Fol- 

= — , lowers of Ariſtotle, who affirm, that the Heavens can- 


70 be efta- not be ſubject to any Alteration ; therefore it ſeemed 


Mißed. more probable to ſome, that the Firmament it ſelf mo- 
ved exactly regularly, and that every Irregularity was to 
be aſcribed to ſome external Cauſe : Wherefore they 
imagined a certain Heaven to be betwixt the Firma- | 


ment and the Primum Mobile, which by its own proper 


Motion, librated ſometimes from Eaſt to Weſt, and 
ſometimes from Weſt to Eaſt, and by that means ac- 
celerated and retarded the apparent Motion of the fixed 
Stars by Turns, This was called the Chry/talline 


Heaven. 


9. Of the 9. It is to be obſerved further, that the Ecliptick, 
which is now twenty-three Degrees and a half diſtant 
tien of tbe from the Equator, was diſtant from it twenty-three 
Ecliptick, Degrees and fifty-two Minutes in Ptolemy's Time: 


Alterationof 
the Declina- 


and the efta- 


Bliſhing a In order to account for this Alteration, they imagined 
ſads © another Chryſtalline Heaven ſtill, which they made 
Cryſtalline to librate from North to South, and from South to 3 


Heaven. North 


10. That 10. Whatever the Progreſs of the Firmament be, 
whether regular or irregular, ſince there is no ſenſible 


Aſtronomers 
need only to : : : 43 sf 
conſider the Difference during a Man's Life, it is ſufficient for an 
diurnal Mo- 
tion of the 


termine the Motion of the Planets, 


Aſtronomer to obſerve once in his Life, the Longitude | 
fixed Stars. and Latitude of the fixed Stars, in order thereby to de- 
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CHAP. IX. 
Obſervations about the MO O N. 


F we make the like Obſervations about the Moon that r. The ff 
we have done about the Sun, we ſhall find that their dy rig 
Phenomena are pretty much the ſame, For firſt we 2 
bobſerve, that it moves round the Earth every Day from 

= Eaſt to Weſt in a Circle which ſeems parallel to the 

® Equator. | 

9 2. But by daily Obſervation we find, that it is not — 
an exact Circle which it deſcribes, becauſe it alters its * 
Places of Riſing and Setting every Day; and that ſo 
ſenſibly, that this Alteration is as much in one ſingle 

Day, as that of the Sun is in thirteen or fourteen 

Days. | 

1 fl 5 There are Limits in the Horizon and Meridian, 3 7 third 
5 beyond which the Moon never paſſes, and they are very A 
near the ſame with thoſe of the Sun. | 

4 4. The Moon moves flower from Eaſt to Weſt 4. De fourth 
4 than the fixed Stars, as may eaſily be obſerved in one Aa dati. 


1 


1. Night. 

to 5. The following Conjecture it built upon theſe Ob- 5. Thar theſe 
ſervations, viz. that whilſt the Moon is carried from Eaſt — 4 

e, 4 to Weſt by the Primum Mobile, it has alſo a proper ent es i 


Motion of its own from Weſt to Eaſt in a Circle which me the 
cuts the Equator, and declines very near as much from pany - 
Je it towards the Poles, as the Ecliptick does; but whe- 
cher this Circle of the Moon be the fame as the Eclip- 
"a or difterent from it, cannot be determined by the 
ye. 
6. We muſt therefore have recourſe to the Method 6. Hl 7e 
propoſed by Hipparchus, viz. to meaſure every Day the * our the 
Diſtance betwixt the Moon and two fixed Stars, (1) whoſe — 14 
$ Longitude and Latitude are known, in order to find the 
Longitude and Latitude of the Moon every Day: Here- 
by we ſhall ſee that the Moon advances every Day a- 
bout thirteen Degrees and a half from Weſt to Eaſt, in 
a Circle which cuts the Ecliptick, and deviates from it 


about five Degrees on each Side, fo that it goes through 


(1) Whoſe Longitude and Latitude are known, &c.) See Mercator? Aſtron. 
pag. 202, 


the 


n 
——— — — 
— 


— 
— — —— 
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the whole Circle in twenty-ſeven Days and a half, or 
thereabouts. 
7.07 = w 7. This Time is what we call the Moon's Periodical 
— eg Month, and ought not to be confounded with another 
Months, fort of Month which is called Syuadical, and which con- 


ſiſts of twenty- nine Days and a half, which the Moon 


takes up from the Time that it is in the ſame Degree = 
of the Zodiack with the Sun, to the Time that it meets WE an. 
with it again in another Degree thereof, Fi 
5 4 - 4 8. When the Sun and Moon meet together in the ſame ha 
of the'Sun Degree of the Zodiack, it is called a Conjunction of the ph 
and — Sun _ way 0 r Moon. 8 is W ict 
9. en the Sun and Moon are ninety Degrees diltant 
ow ws from each other, it is called the Quadrature, or Quarter - , 
9. What the of the Moen, which happens twice every Month. 2 
—— 10. When the Sun and Moon are a hundred and eighty i 
of the Mom Degrees diſtant from each other, it is called the wour | YN * 
27, tion, or Z om. 1 
e Ker Ii. At the Time of the Co njunctor i the Moon can- | 4 
Full Aeon. not be ſeen at all; but one or two Days after, it appears 4 I 
33 yo horned, and the Ha ns are always turned towards that Part | 4 
Searance ”” of the Heavens which is oppoſite to the Sun. | 00 
near the 12. Theſe Horns increaſe as the Moon gets further | 
8 from the Sun, and it appears full and nirrely round, | 
appears at When it is in its Oppoſition, \ 
the Oppoſi= 13. The Diameter of the Moon does not appear to be 
1.2: That % (1) always the fame ; for we obſerve it to be leaſt at the 
Moon's Dia- Times of the Quadratures, and to be biggeſt at the =. 
_ — Time of its Oppoſition, and about the Time of its bez 
ee, Conjunction. = - 
_ * 3 The Motion of the Moon from Weſt to Eaſt, is ba 
14+ That its ſenſibly quicker at the Time of its Oppoſition and Con- 15 5 
— from junction, than at the Time of its Quadratures. bn 
Woſt to Eoſt 15. The Circle in which the Moon ſeems to move like 
co_ from Weſt to Eaft is not always the ſame ; it deſcribes | 
Courſe of the a new one every Month, and croſſes the Ecliptick inf 4 my 
Men is not: different Points ſucceſſively from Eaſt to Welt. nd 
2 'be 16. That Interſection of the Ecliptick and the Moon's that 
16, Of tbe Circle, where the Moon paſſes from the Southern Part oi i deſer 
Dragon's the World to the Northern Part (with reſpect to the whic 
ont Ecliptick) is called the Dragzen's-Head, or the aſcending ¶ and 
Yai Node, and the other Interſection is called the Dragon's 
Tail, or the deſcending Nede. Ig 1 
with. 
p (1) Alqwayl the ſa me, Ke.) See the Notes on Chap, xxii, Art. 5. of thi | 
77s (1 


17. If Iii, , 


Chap. 10. of NATURAL PaHritlosoPny, 29 
17. If we obſerve the Dragon's Head in any Point in 17. Pat the 


© the Ecliptick, it will be about nineteen Years before it a“ 
be in that Point again. changes its 
18. To theſe Phenomena we may add, that we fre- fl. 5c 
= quently obſerve the Moon to paſs betwixt us and ſome of Sars are 
the Stars, but never any Star to paſs between the Moon eb bid by 
. tbe Interpo- 
mn and us. : ſition of bo 
= 19. Theſe are all the Phenomena which Aſtronomers deen. 
have laboured to find out the Reaſons of: but natural 19. of Ge. 
= Philoſophers have long fince obſerved further, that a 4 
little after the Moon's Conjunction, not only the Horns Ae ſome. 
of it are to be ſeen, but all the reſt of its Surface which t re- 
is towards us appears of an Aſh-Colour. 

y 
ce οοτνοπνν 
n- J 
us CK I 
art 4 
Conjectures whereby to explain the Phenomena of the 
0 MOON. 
d, 4 
b IN order to ſolve theſe Phenomena, Ptolemy ſuppoſed 1, Thefirft 
*W< 's H be neareſt the Earth 4 
ho the Moon's Heaven to be neareſt the Earth. of Ptolemys 


he 2. Secondly, That this Heaven, whilſt it is carried 2. le c 
JJ cvery Day from Eaft to Weſt by the Primum Mobile, is, pete. 

by its own proper Motion, advanced thirteen Degrees and 

a half about the Poles of the Zodiack, _ 

3. Thirdly, That the Moon is not placed exactly in 3: Of — 
its own Heaven, but in the Circumference of a large — pie 
round Body (called an Ep:cycle) included in its Heaven 
like a Diamond in a Ring. 
= 4. Fourthy, That the lower Part of this Epicycle in 4. Of ths 
which the Moon is fix'd, turns from Weſt to Eaſt, nE I 
and the upper Part from Eaſt to Weſt, in ſuch a manner, A 
that the ſmall Circle which the Moon by this means 
deſcribes, is always in the Plane of the great Circle, in 
which it is carried about the Earth in twenty-ſeven Days 
and a half. | 
5. Fifthly, This Eprcycle turns about its own Center 5. How lng 
in ſuch a manner, that when the Moon is in Conjunction 4 Rene. 


. : RO lution of this 
with, or Oppoſition to the Sun, (1) it is in the lower Part Eos. 


f thit fakes up. 


(1) It is in the lauer Part of its Epicycl:, &.) See the Niter on Chap. 
2 If Txit, Art, 5 of this Part, / bil: 
of 
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C 
of the Epicycle or in its Perigæum; and when the Moon 
is in its Quadratures it is in the upper Part of the Epricycle WW to 
or in its Apogeum ; that is, the Degrees which the Moon ! hs 
moves in its Epicycle are double the Number of thoſe the tu 
Epicycle moves in departing from the Sun. tu 
6. Tal tbe 6. Laſtly, Ptolemy was of the ſame Opinion with po 
_ %% Thales the Milefian, that the Moon is a dark ſpherical Si 
Light from Body, and receives all that Light by which we ſee it. 
the Sun. from the Sun. Pa 
7. Upon tbeſe 7. Theſe Hypotheſes being allowed, the foregoing Phæ- us, 
rf oj} nomena of the Moon, which are very near the ſame as 
— Phe. thoſe of the Sun, may eaſily be ſolved. ne 
nomena may 8. Further, it is manifeſt, that they explain why the tir 
4 — Moon appears to deſcribe a Circle from Weſt to Eaſt in. RF cat 
80 . the Zodiack; becaule it is ſuppoſed really to deſcribe ſuch pe 
01 pears © a Circle, —_ 
0 | 9 wth 2 Moreover, becauſe at the Times of Conjunction and M 
1 9. Why this Oppolition, the Moon is ſuppoſed to be in the lower is 
1 Metion is Part of its Epicycle, and that when it is in that Part, it ſed 
1 —— is carried from Weſt to Eaſt; this Motion conſpiring Ea 
1 the Conjunc- With the Motion of its Heaven, which carries the whole Fi 


| {0 eien and Op- Epicycle the fame Way; it neceſſarily follows, that the nec 
I. Pu. Moon muſt then appear to move with great Swiftneſs 


N _ 
—— — — 


| towards the Eaſt, and becauſe it is then nearer the Earth J but 
1 alfo, (1) it muſt appear very large. die 
1 70.Why it 10. On the contrary ; becauſe at the Times of the Sur 
1 2s ſlower at Quadratures, the Moon is ſuppoſed to be in the upper gre 
Wl | — — Part of its Epicycle, and that when it is in that Part, it fcc 
It cures, is carried from Eaſt to Weſt ; the Space in which it is ¶ thic 
1 thus moved by its Epicycle, muſt be deducted from that ¶onl. 
| | Space in which it is carried by its Heaven from Weſt to no 
il || Eaſt, fo that it advances but the Difference only of them ; $ 

1 and therefore its apparent Progreſs from Welt to Eaſt, 

a4 ought to ſeem leſs than at any other Time of its Revo- | &. 
| | lution ; and becauſe its Diſtance from the Earth is then 

1 increaſed, by the Length of the Diameter of its Epicycle, 

Wh it muſt appear leſs. 3 

| | 17. byte. II. Becauſe the Moon has no Light at all of its own, 

1 Mon cannot but borrows that by which we ſee it, from the Sun; 

11 2er, it is evident, that it ought not to be ſeen at all at the 

1 all, at the . 0 ; N | 
ill Time of its Time of its Conjunction, becauſe then the upper Part, | * 
Will Cenjunction. Which is enlightned, is turned from us,, and the lower 


Part, which is not enlightned, is turned toward us. calle 


great 
be te 
poſit 


(1) It muſt apfear very large) See the Notes on Chap, xxii. Art. 5. 9 
this Part, 


12. AS 


Chap. 11. NATURAL PHILOSOPHY. 31 


12. As the Moon gets further from the Sun, either 12. Of ebe 

towards the Eaſt or towards the Weſt, it ought to appear * ae. 

| horned, becauſe a Part only of the inlightned Half is 

* turned towards the Earth ; and its Horns ought to appear 

turned toward that Part of the Heavens which is op- 

poſite to the Sun, becauſe the Light is bounded on that 

Side. | 

13. At the Time of the Oppoſition, the whole lower 13. Wy ie 

Part of the Moon is turned toward the Sun, and towards 7777" 

us, and therefore it muſt appear full. at - Oppa- 
14. Becauſe the Moon's Heaven is ſuppoſed to be the fee. 

© neareſt to the Earth, it follows, that the Moon may ſome- ow bots 

times paſs betwixt us and ſome of the Stars; but no Star are bidſome- 


can paſs betwixt that and us; which is agreeable to Ex- , 1 the 


1 
1 
5 


* 
By 


CO Ts 8 
2 LY = = RC wet "> i TT N 
. - — — _ Dang, 
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1 . 
1 FF perience. Fr — — 
4 15. As to that faint Light which we perceive in the 15. M bence 
d 3 = Moon's Body when it is near. the Conjunction; Galilæus 2 aint 
T is the firſt, that I know of, that thought it to be cau- * _ 
it ſed by the Rays of the Sun, reflected thither by the % Part of 
2 Farth, which is proved by the following Arguments. nr 


turn'd from 


le BE Firſt, The Earth is an opake Body, and therefore it muſt the Sun, 
ne FF neceflarily reflect ſome Part of the Light which falls up- 


fs om it. Secondly, becauſe this faint Light cannot be ſeen 

th but when the Moon is very nearly right againſt the Mid- 
dle of that half of the Earth which is enlightned by the 

he Sun. Laſtly, Becauſe this Light of the Moon is ſenſibly 


der ereater, when, Riſing in the Eaſt, the Rays which re- 

it flect a great deal of Light from the Continent of Aſia fall 
t is thicker upon it, than when Setting in the Weſt, the Rays 
hat only which are reflected from the Ocean, which abſorbs 
to moſt of them, fall upon it. 


m; 
aſt, 
vo WM E524 ISESSESIESESESSESS 
then b 


. 
1 
5 75 , 


wn, 


„/ 
— o ECLIPSES. 
t thei | 


Part, MI HE N the Moon paſſes between the Sun and 7: V ar 
ower \ the Earth, and N from ſeeing it; this > A. E 
5. called an Eclipſe of the Sun, which is ſo much the 

greater, the more the Sun's Body is covered; and it may 
5. of ROT if it be entirely darkened by the Moon's Inter- 

poſition. 


2. It 
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2. Why there 2. It is but very ſeldom, that there happens a total 
440 2% , Eclipſe of the Sun, becauſe the apparent Diameter of 
of the Sun, the Moon is very ſeldom bigger than the apparent 
Diameter of the Sun, but is commonly ſomewhat 
leſs 
3. That dif. 3. Becauſe the Earth is of a conſiderable Bigneſs, com- 
_ pared with the ſmall Diſtance that the Moon is from it, 
; temp it may happen, that the Moon may paſs betwixt the Sun 
Sanequally and ſome particular Countries, and not paſs betwixt the 
_— at Sun and ſome other Countries at all; whence it follows, 
—_ that with reſpect to ſome People the Sun may be ve- 
ry much eclipſed, and not at all eclipſed with reſpect to 
others. 
£Thatthere 4. It is evident, that there can be no Eclipſe of the 
can be an E. Sun, but when the Moon is New, or in, Conjunction 
clipfe of the with the Sun, and not then, unleſs the Moon in its 
$55 72 Motion from Weſt to Eaſt be exactly in the Ecliptick ; 
and that no: but becauſe the Circle which it deſcribes, is at ſome 
elways, Diſtance from the Ecliptick, there are a great many Con- 
junctions without any Eclipſe at all, nor indeed can there 
be any but when the Moon is near the Dragon's Head 
or Tail. | 
©. Yhorihe ; 3+ 2 Motion of the Moon from Weſt to Eaſt be- 
Darkneſs ing very quick, it_gets from under the Sun in a very 
27% ſhort Time when it is eclipſed, ſo that it is eclipſed but 
of the — a little while; and when the Eclipſe is total, the Dark- 
continues but neſs can continue but a few Minutes, becauſe we ſhall 
a ſport tine. immediately have ſome Light from that Part of the Sun 
which begins to be uncovered. 
6. What an 6. It may happen, that when the Moon is in Oppo- 
Eclipſe ef the ſition to the Sun, it may be in the Dragon's Head, or 
0 very near one of them; and if it is ſo, it ought 
not to be ſeen at all, (1) becauſe the Earth ſhades it, and 
hinders the Sun's Light from falling upon it, which is 
hat which makes it viſible. This Deficiency of Light, 
or this Shade in which the Moon is, is called an Eclip/e 
of the Moon, which is partial and not total, if the Moon 
be ſo far diſtant from the Nodes, that it is not intirely 


immerſed in the Earth's Shadow. 


© 


(1) Becauſe the Earth ſhales it, &&c,) the Shadow of the Earth, but by 
Tacquet in bis Afinzromy, Book iV. that of the Earth's Atmoſphere on- 
Chap. ii. Numb. 17, has demonſtra- ly; which was obſerved, though not 
ted, that the Shadow of the Earth ſo exactly demonſtrated by Kepler 
never reaches ſo far as the Moon, ſo and Riccilus, N 
that the Moon is darkned not by | 


7. When 


3 §ĩÜ P La. 


Chap. 11. of NaTurar PurLogoPhy, 33 


7. When at the Time of the Oppoſition, the Moon 7: 2 27 there 
is at a Diſtance from its Nodes; becauſe it has then a Eclipſe 7 
good deal of Latitude, it does not enter at all into the che Mam ac 
Earth's Shadow, and hence it is, that there is not always ½½ 0ppo- 
an Eclipſe every full Moon, Aen. 

8. When the Moon enters in, or comes out of the 8. That the 
Shadow of the Earth, that Part which is eclipſed always —— of 
appears in the Form of a Circle; and becauſe Obſerva- g wir is 
tions have been made of a great Number of Eclipſes, in 
which the Moon is entered in, and come out of the 
Shadows in all Parts of it, and the Appearance hath been 


always the ſame, it follows, that the Shadow of the 


| Farth is round, 


9. And becauſe theſe Obſervations have been made 9: That rhe 
when the Moon hath been oppoſite to different Parts of — 
the Earth; this is a Confirmation of what was before ry #ay.. . 
aſſerted, viz, that the Earth is round every Way. ; 

10, When the Moon paſſes through the Middle of 10. Thar the 


0 4 j Diamet 
the Shadow, it continues eclipſed for a conſiderable ; ng 


Time, viz, Two or three Hours, which ſhews that the 4% chan char 


Diameter of the Moon is much leſs than that of the of the Sha. 
= Earth's Shadow. . dow of the 


' Earth, 
11, Further, when there is an Eclipſe of the Moon, 11. That the 


the nearer the Moon is to the Earth, the longer the — i 
Eclipſe continues; whence we collect, that the Shadowy — 
is larger nearer the Earth than at a further Diſtance, lite a Cones 
ſo 2 it diminiſhes in proportion to its Diſtance like 
a Cone. Sth 

12, Becauſe the Moon is leſs than the Shadow of the 12- That the 
Earth, and this Shadow decreaſes. like a Cone, it fol- «ven Pp 
lows, that the Moon is leſs than the Earth _ Barth. - 


13. And becauſe the Shadow of the Earth could not 73+ Thar the 


| decreaſe in this manner, if the Body which enlightens it Sun is bigger 


Au than the 
were not bigger than it ſelf ; therefore we conclude, that Ear. 
the Sun is bigger than the Earth, © ny lee 

14. Becauſe that Part of the Moon which enters into 14. That al 
the Shadow really loſes its Light, all thoſe People to * 7 
whom the Moon is viſible, when it begins to be eclip- he Moon 
ſed, muſt ſee it at the ſame Time,” and take notice of e af 
the Gap that it makes upon the round Face of the Moon ; 4 
lo that if all Nations had any particular Thing in view, Tine. 
and agreed to do it at the fame Moment of Time; ſup- 
poſe it were to find exactly what it is a Cloct, or any 
other Thing, the Beginning of an Eclipſe of the Moon 


would ſerve for a Signal. 
Vo I. II. C 25. It 
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1s. Tofind 5. If different People, who at the ſame Moment of 
= quine xo Time had obſerved ſeparately what a Clock it was at the 
of the Earth ſeveral Places where they were, afterwards communi- 
1: Eaft of cated their Obſervations to each other, or gave them 
erben. all to one Perſon; it is eaſy to collect, that all they who 
obſerved it to be the ſame Hour at the ſame Moment O/ 
of Time, live on the Earth under the ſame Meridian; 
and becauſe it is ſooner Noon-day the more Eaſt any 
Place is, we are therefore aſſured, that if it is ſooner® 
Noon- day in one Place, than in another, that Place is V 
Eaſt of the other; and becauſe the diurnal Motion offi ho 
the Sun is fifteen Degrees in an Hour, we from hence mi 
conclude, that one Place is ſo many fifteen Degrees Eat © it, 
of another, as it is Hours ſooner than the other, Fs 
16. Of b 16. The Number of Degrees that one Place of the mi 
I Earth is more Eaſt than another, is called the Different 7 
. of Longitude ; and as the Knowledge of this is of very ＋. 
* Importance, it is worth while to illuſtrate it by an the 
xample. Suppoſe, That at the Beginning of an Eclipleſ $ the 
of the Moon, it were by Obſervation, Eleven Hours and ,,,; 
T hirty-four Minutes after Noon; and that we had bet 
Notice from the Iſand of Fer (one of the Canary Iſles) aft 
that it was Ten Hours after Noon there at the ſame bet 
Moment of Time; the Difference of theſe two Obſer- ma 
vations, is an Hour and Thirty-four Minutes, which 
ſhews, that the Difference of Longitude, betwixt theſe 
Places, is Twenty-three Degrees, and thirty Minutes: 
Wherefore if we App the firſt Meridian to pals thro 


the Iſland of Fer, this Difference ſhews us the true Lon- 


it 

gitude of Paris. — 

7 — 17. Becauſe Eclipſes of the Moon happen but ſeldom, 72 
- find the and the Air is not always clear when they do happen; nn 
Longitude, it is therefore but ſeldom that the Longitude can be ob Ard 
| ſerved from them. is © 
33, The 18. The Longitude and Latitude of the ſeveral Place Le: 
wats upon the Earth being known, their Situation upon the gve 
575 oy Globe is thereby determined; ſo that the Rules upon ing 
which this Knowledge is built, are the principal Foundæ of 

| tions upon which the Whole of Geography depends, ue 

19. The 19. Navigation, or the Art of Sailing, conſiſting wh, 
Foundaticn chiefly in determining exactly from Time to Lime, the ſan, 


— Art place where we are upon the Sea {which cannot be ac- 


gates 


curately done but by the Longitude and Latitude) th Dia 

Method of finding out both theſe, is tie principal Foun of | 

dation of Navigation. its 
dret 


(' HT 4A PE 
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m CH A P. XII 


nd Of the true Bigneſs of the Earth, Moon, and Sun, 
n and of their Diſtance from each other. 


ner of HAT was juſt now ſaid, being throughly under- 1. 4 Method 

: bY ſtood, it affords us an eaſy Method of finding of Pacing 
of how much the Circumference of the Earth, and how ;,, — 

nee much its Diameter is, how far the Moon is diſtant from ference of the 

Zalſt it, the Bigneſs of the Moon compared with the Earth, £75 11. 

= the Diſtance betwixt the Earth and the Sun, and how 

much the Sun's Diameter is. To determine then the 

ene Circumference of the Earth, we need only to take two 

= Towns of the ſame Longitude, that is, which are under 

the ſame Meridian, and to obſerve the Difference of 

their Latitude, that is, the Number of Degrees and Mi- 

nutes, counted upon the Earth's Meridian, contained 


had between the two Towns, for this is the Difference; 

les after which, if we know how many Leagues there are 

hon betwixt one Town and the other, it is eaſy to find how 
er 


many Leagues there are in a Degree, whence it is eaſy 
to compute how many Leagues there are in three hun- 
dred and ſixty Degrees upon the Earth. 


tes 2. For Example, Suppoſe Paris and Amiens were the 2. As Ex- 
7 two Towns fixed upon; they have both the ſame Lon- le. 
on- 


gitude, becauſe they are under the ſame Meridian: Fur- 

ther, the Latitude of Paris is Forihy-Eigbt Degrees and 

dom, f/iy-frve Seconds, and the Latitude of Amiens is forty- 

pen vine Degrees and fifty-five Seconds, and therefore the 

Arch of the Meridian contained betwixt Paris and Amiens 

is one Degree, But it is reekoned to be twenty-eight 

Place Leagues from Paris to Amiens, or more truly, twenty- 

n theſ five Leagues, allowing the three Leagues for the wind- 

ing of the Road, and then a Degree upon the Meridian 

und BY of the Earth will be twenty-five Leagues, and conſe- 

= quently three hundred and ſixty Degrees, which is the 

ſiſtin whole Circumference of the Earth, will be nine thoy- 

e, the ſand Leagues. 

be aC- 3. Now the Circumference of any Circle is to its 3. 0f he 

e) the Diameter, as twenty-two to ſeven ; the Circumference Ce. 

Founſſ of the Earth therefore being nine thouſand Leagues, ag 

its Diameter muſt be about two thouſand eight hun- 

dred and ſixty-three; whence it follows, that the Di- 
Vor II. C 2 ſtance 
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ſtance from the Circumference to the Center of the Earth, 
is very nearly one thouſand four hundred and thirty-one 
Leagues. 7 | 

4. How t? 4, In order to find out the Diſtance betwixt the Cen- 


n ter of the Earth and the Moon, we muſt ſuppoſe its 
ewixe the Motion to be eſtabliſhed with ſuch geometrical Exact- 
Eorth, and neſs, that its Place in the Zodiac may be known for 
eee, any Day; and alſo its Altitude above the Rational Ho- 
the Parallax rixon, the Plane of which we imagine to paſs through 
_ the Center of the Earth: After this, we muſt obſerve 
in the Place where we are, the Altitude of the Moon 
above the ſenſible Horizon, which we ſuppoſe to be pa- 
rallel to the rational Horizon; then the Difference be- 


twixt theſe two Altitudes, is equal to the Angle con- 


tained between two viſual Rays, or two ſtreight Lines, 


going from the Center of the Earth, and the Place 
where we are, and meeting 
now this Angle (which is called the Parallax) being given, 
it is eaſy by Calculation, to find the Diſtance betwixt 
the Center of the Earth and the Moon, 


5 An Ex- 
ample Figure, where the ſmall Circle repreſents the Earth, 
Lug 4 i. whoſe Center is D; A is the Place of the Obſervator's | 


repreſents the common or ſenſible Horizon, on the Plane 
whereof ſtands the Obſervator, being parallel to the rati- 
onal Horizon; the great Circle is the Meridian, in which 
the Moon is in the Place B; its Altitude above the ra- 


tional Horizon is the Angle BDE, and its Altitude | 


above the Surface FG is the Angle BA G; the Dit- 
ference betwixt theſe two Angles, is the Angle A BD, 


which is called the Parallax, (1) which being known, | 


we can find the Line DB, which is the Diſtance from 
the Center of the Earth to the Moon; as alſo the Line 
AB, which is the Diſtance of the Obſervator from the 
Moon: After this, by meaſuring the Angle under which 
the Moon appears, that is the Angle contained betwixt 
the Rays which come from the extreme Parts of the 
Moon, which is called its apparent Diameter, we can 
find alſo its true Diameter, 


(1) Which being bnegon, 8c.) For 
the Angle BAD (which 

2 avg exceeds the Angle BAG 
R by ninety Degrees) and 


the Angle B, with one of the Sides 
AD being given, the Sides AB and 
DB are found by the common Rules 
of Trigoncmetry» 


6, By 


in the Center of the Moon; 


5. This will be better underſtood by the following 9 


Foot, CDE the rational Horizon, and the Line FG | 


(1) 
Aſtro, 
about 
Earth 
cordin 
meter 
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6. By exact Calculation upon theſe Obſervations, we yo much 
find that the greateſt Diſtance of the Center of the — 4 
| Earth from the Moon is (1) ſomewhat more than ſixty- Zarb and 
ſix Semi-diameters of the Earth, and its leaſt Diſtance a- —— its 
bout fifty-one; and that the Moon's true Diameter is 14, one is © 
pretty near a fourth Part of that of the Earth, whence compared 
we conclude, that the Earth is about forty-five Times as _ the 
big as the Moon. | | ww = . 

7. The further any Star is diſtant from the Earth, 2. bar the 
and the higher it is above the Horizon, the leſs is its Dane of 
* Parallax ; that of the Sun is not ſenſible, unleſs when from the Sun 
it is in the Horizon, that is, in the Circle which ter- , and whee 
minates our Sight: And when the Sun is in the Hori- 2 

Zon, it is very difficult to find its Parallax. Upon the i. 
moſt exact Calculation, its greateſt Diſtance from the ny os 
Earth is found to be (2) about fifteen hundred and fifty 2 7 
Semi- diameters of the Earth, and its leaſt Diſtance about much is, as 
fourteen hundred and forty-fix Semi-diameters. The ang ry 
Diameter of the Sun is alſo found to be about fifteen 2 the 
Semi-diameters of the Earth; whence it follows; that Figure 


ng the Sun is about four hundred 


ch, big as the Earth. 


s , 
Te. (1) Somecobat more than, &c-) mean Diſtance is by ſome reekon'd 
== Aſtronomers are pretty well agreed 9749 Diameters of the Earth, by 
nc about the Moon's Diſtance from the others 10000 or 12000, but by the 
i- Earth: Its mean Diſtance, is, ac- exacteſt Obſervations of the lateſt 
ich cording to Tycho, fifty fix Semi-dia= Aſtronomers, but 5000 and its true 
meters and a half of the Earth, ac- Diameter to the Diameter of the 
Fa cording to Copernicus, Sixty and one Earth, as 10000 to 208. Whence 
1de Third, and according to moſt others, it follows, that the Sun is many 
J;f- WY 6fty- nine Thouſand times bigger than the 
(2) About fifteen hundred and fifty, Earth. | 
D, Ec.) As it is very difficult and trou- According to the beſt Aſtrono- 
vn, bleſome to find the Sun's Parallax, mers, the true Bigneſs of the Pla- 
wit ſo its Diſtance from the Earth is not nets and their Diſtance from the Sun 
* ſo well agreed upon. The Sun's are as follows: 
ANCE 
the The Sun is 494100 
nich Saturn 43925 Saturn's 513540000 
it Jupiter 52 522 Jupiter's mean \280532000 
VIX The Dia- Mars 2816 Mil Mars's Diſtance / 82242000 Miles 
the meter of J The Earth 8202 en The Earth's from the 54000040 
can The Moon 2223 Venuy's Sun is 39096000 
Venus 4941 Mercury's - 20952000 
Mercury 2717 - 


Art. 3, of thiz Part, 


Concerning the Diſtance of the fixed Stars. 


C 3 


and thirty-four times as 


See the Notes on Chop. **. 
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CH AFP. XII. 
Of the Phenomena of Mercury and Venus. 


1. How to T: HE Planet Mercury is very ſmall, and they only 38 
— who find it out by the Rules of Astronom), can 


N 87 know it and diſtinguiſh it from the fixed Stars; it is ſo ; 
bright, as to be eaſily taken for a fixed Star. | 
1. bw a 2. Next to the Sun and Moon, the Planet Venus is | Ci 
too Venus the moſt remarkable, becauſe it appears ſo large; all | | 
Country-men almoſt, know it by the Name of the Shep-Þ £1 
herd*s-Star, N I 
3. Of te 3. By comparing Mercury and Venus with the fixed | | 
appar = f Stars, according to Hipparchus's Method, in order tothe 
Mercury know what the Poſition of their Orbits is, with regard he 
and Venus. to the Ecliptick; we find, that each of theſe Planets an 
moves from Weſt to Eaſt in Circles, which cut the ; 
Ecliptick in two oppoſite Points, and deviate from it Jan. 
to a determinate Diſtance, vix. that of Mercury, ſix : thi 
Degrees and fixteen Minutes, and that of Yenus, three W tic 
Degrees and thirty Minutes. 4 wW 
4. Of the 4. Mercury and Venus, take up about a Year in mov- il of 
periedicals ing round their Orbits; and though they ſeem ſome- Inc 
mo times to move faſter, they recompenſe it by moving to 
ercury 


and Venus, flower at other Times, without cbſerving any Rule; 
yet however, they perform their Revclutions in ſuch af I 

manner, as always to paſs through their Orbits in a 

Year ; ſo that we may affirm in general, that they make 

one Revolution every Year. 3 

5. Of the 5. Mercury and Venus appear always very near "i 


Se 0 
—— Sun: Mercury is never above twenty - eight Degrees, and 


and Venus Venus never above forty-eight Degrees diſtant either to] es 
from the the Eaſt or Welt, the 
_—_ 2% 6. When Mercury and Venus are the moſt Eaſt that me 
org Time they can be, of the Sun; that is, when Mercury ü M. 
they are in twenty-eight Degrees, and Venus forty-eight Eaſt of it; 
rung We obſerve, that they then move ſlowly towards the ho 
9 Wal. 7 
tances, eſt, till they are got as far Weſt of the Sun as they upc 


were <0 Eaſt of it: After this they ſeem to return filt 
back again to the Eaſt, and overtake the Sun, till they ter 
are got as much Eaſt of it, as they were at firſt ; this the 


is performed by Mercury in fix Months, and by VenuMY ne 
in nineteen Months, the 


7. Mercury 


I. 
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Mercury and Venus are ſometimes hid by the In- 7. That 


terpoſition of the Moon ; and theſe Planets are ſome- — 


times ſeen to paſs betwixt the Sun and us. appear ſome. 
N times Ge- 
19 | | 1 Iween = 
KE 00060060606 3463633546 $0635 0630 
11 we 
- = 
is Conjectures for explaining the Phanomena of 
all f Mercury and Venus. 
ep- $1 


15 P TOLE MY thought that Mercury and Venus had 1. Of the 

by each of them a Heaven belonging to them, and 88 85 

I theſe he placed between the Moon and the Sun; and Rieu 

be imagined Mercury's Heaven to be neareſt the Earth, and Venus. 

and Yenus's to be further of. 

2. He imagined alſo, that the Heavens of Mercury 2. Of tbe 

it and Venus, beſides that Motion which is common to all — f 
the Heavens from Eaſt to Weſt, had a particular Mo- and Venus. 

tion of their own, by which they were carried from 

Weſt to Eaſt with their Epicycles, in the Circumference 

of which theſe Stars were placed, the upper Part whereof 

moved from Weſt to Eaſt, and the lower Part from Eaſt 

to Weſt. | 

3. Further, he imagined, that the Epicycles of Mer- 3. Of the 

cum and Venus, were carried about by their proper 2742. 

Heavens in one Year's Time, and had their Centers 43. oY” 

continually almoſt under the ſame Point of the Zodiack 

as the Sun, 


4. Laſtly, he ſuppoſed the Epicycle of Mercury to 4. The Big. 
be about fifty-ſix Degrees in its apparent Diameter, and "Yo *he 
that it revolved about its Center in fix Months ; That 1 
the Epicycle of Venus was ninety-ſix Degrees in Dia- of the Epi. 
meter, and that it revolved about its Center in nineteen 9 9 


Metcu 
Months. ard 9 


5. It is not worth while to be particular in ſhewing ; 1zyer. 
how all the forementioned Phenomena may be ſolved cui and Ve. 
upon theſe Hypotheſes, the Thing is too evident to in- e bur « 
| fiſt upon: It is ſufficient to obſerve only that the Cen- rance 251 

ters of their Epicycles being always very nearly under fromebeSun, 
the Sun, this is the Reaſon why Mercury and Venus _ 
never go beyond a certain Diſtance from it, and becauſe 
the Time in which theſe Epicycles revolve about their 
Center, is not commenſurable with the Time of the Sun's 


rr cur) C 4 Revolution 


" EY 
— — 


— 
— 
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Revolution in the Ecliptick; therefore the Duration of 
the apparent Revolutions of Mercury and Venus in the 
Zodiack is very unequal. | 
6. The OU. 6. Later Aſtronomers have obſerved, that when Venus 
— begins to move from the Sun to the Eaſt, and is but at 
Aftr-momers à little Diſtance from it, ſhe appears very large; where- 
about Venus. as when ſhe is at the ſame Diſtance, in moving towards 
the Sun, ſhe appears very ſmail ; On the contrary, when 
ſhe begins to move from the Sun to the Welt, ſhe ap- 
pears very ſmall, but when ſhe approaches the Sun again, 
ſhe appears very large. 
7. Of te 7. This is that Phenomenon which I mentioned be- 
Phaſes of fore, and which was thought inconſiſtent with the Hy- 
Venus, and potheſis of Copernicus, concerning the Motions of Venus 
ebat fe and Mercury: But that Difficulty is intirely removed 


mm fince the Invention of Teleſcopes. For Galilzus, who 


was the firſt that made them long enough to look at the 
Stars with, obſerved himſelf, and cauſed others to ob- 
ſerve, that Venus was quite round, when ſhe appeared 
large, and that ſhe was horned when ſhe appeared ſmall ; 
whence their is no doubt, but that ſhe moves round the 


Ch 


Sun, and borrows her Light from him. Hence alſo 1 


we learn, that Venus is ſometimes farther diſtant from 
the Earth than the Sun is, and then becauſe that Part 
of her which is illuminated, is turned directly towards 
us, ſhe appears quite round, and very large: And, on 


the contrary, at other Times, ſhe is nearer us than the 


Sun, and then a Part only of the illuminated Half, can a 
be ſeen by us, which makes her appear horned and very 


ſmall. 


8. FatMer- 8. Theſe Phaſes of Venus, have alſo been taken notice 
cury furns of ſince Galilauss Time: But as to Mercury, our Tele- 
2 2 ſcopes not being long enough, any more than thoſe of 
Galilæus, we have not yet obſerved what Figure he ap- 
pears of; but ſince very curious and credible Perſons have 
aſſured us, that they have ſeen Mercury undergo the ſame 
Changes of its Figure as Venus; we ſhall make no Diffi- 


culty to ſay, that He turns about the Sun alſo. 


o That 9. If Venus and Mercury moved in Heavens lower 


Ptolewy's than the Sun, as Ptolemy affirmed; they could never ap- 
* Hg pear. quite round, becauſe they could never be far enough 
cury an! diſtant from the Sun: Whence it follows, that his Hy- 

— 4 's pothefis, with reſpect to Mercury and Jenuus, is abſolutely 
5 6h falſe. | 


CHAP, 


Chap. 15. of NaTvaar PnilosoPhy. 41 
C'H AP. XV. 
Of the Phenomena of Mars, Jupiter, and Saturn. 


ARS, Jupiter, and Saturn, may be diſtinguiſhed | 
M f om 4 47 Planets, becauſe Lan appear bigger aw dns 
than Mercury, but leſs than the Sun, Moon, and Venus: — and 
Jupiter appears bigger and brighter than Mars and Sa- 
turn ; Mars is of a reddiſh Colour, and Saturn of a 
pale one. | 
| 2. By comparing theſe three Planets with the fixed ,, of 
Stars, we obſerve, that they move from Weſt to Eaſt pe 
in Circles which cut the Ecliptick in Points directly op- 3 
poſite to each other, and which make different Angles planen, 
== with it; Mares Circle declines from the Ecliptick, one 
== Degree and fifty Minutes; and Saturn's, two Degrees 
and thirty one Minutes, 2 
= 3. Mars performs a Revolution in his Circle, in a 3: The Time 
Fear and three hundred and thirty-two Days; Jupiter, Soo rags 
in about eleven Years,. and three hundred and eighteen : 
Days; and Saturn, in about twenty-nine Years, and a 
hundred and eighty three Days. : 
3 4. The apparent Motion of theſe Planets, is not at 4: How theſe 
n all regular; for ſometimes they ſeem to move from = Tine 
\c Weſt to Eaſt, and then they are ſaid to be Direct, cini, 
n MX ſometimes they appear for ſeveral Days together in the FU | 
y i ſame Place of the Firmament, then they are ſaid to be 224 — - 
= Stationary ; and at other Times they ſeem to go back times R. 
de to the Weſt again, and then they are ſaid to be Retro- Nade. 
rade; after this they become again Stationary, and then 
Direct. | 
5. From the Time that Mars is in the Middle of 5. Of the 
his Retrogradation, to the next Time of his being in . of 
the ſame State, is about two Years and forty-nine gragacicn. 
Days: Jupiter, from the middle Time of his Retrogra- 
dation, to the middle of the next, is about one Year, 
and thirty-three Days; and Saturn about one Year and 
thirteen Days. | 
6. Whatever Inequality there be in theſe Planets in 6. Foe ep 
the Times from one Retrogradation to the next, yet in 2 
ly this they all agree; that every one of them is always * /5e 
retrograde, when the Earth is betwixt the Sun and it. 


ketwixt 
dem and 


P, | 7. The e Sun 


> WW Foc > 11 


1 


== 
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7. Mars Bar +, The Arch in the Zodiack which Mars paſſes thro' 
— ** when he is retrograde, is bigger than that which Fu- 
Son Jupi- piter paſſes through when he is retrograde ; and the Arch 


ter, and which Jupiter paſſes through when he is retrograde, is 


— bigger than that which Saturn paſſes through when he is A pa 
turn. retrograde. = T 
8. That 8. The apparent Bigneſs of theſe three Planets in- (Cle 
— big. creaſes, when they become retrograde. Mars appears eac 


ger when then fix times as big as when he is direct; Fupiter || 
% are re. about three times as big; and Saturn almoſt as big 
tregrade, a | Þ 
than when AgAaIN, 1 
they are 9. None of theſe three Planets were ever ſeen to 


* f paſs betwixt the Sun and the Earth; but they are T. 


{be :ther Often ſeen to paſs betwixt the Ezrth and the fixed 2 to 


Planes! are Stars. 1 
ever hid by | 5 * 


the Inter po- | 3 | 
., ee e e e e eee 
CHAT OL 1 He 
* 3 J ret! 
1 bec 


Conjectures whereby to explain the Phznomena of 
Mars, Jupiter, and Saturn. al the 


1. Of the TOLEMY aſcribed to each of theſe Planets its "Tu 
— proper Heaven, immediately beyond the Sun's Hea- H bec⸗ 
ngin [4] 


Mars, Ju- ven, but a great deal nearer than the Firmament; he 
piter, and ſuppoſed that of Mars to be neareſt us, that of Ju- Wricq 
Saturn piter to be next, and that of Saturn to be the far- 6 
: theſt. large 
„ affirmed, that every one of theſe Heavens had N. 
Zpicxces, an Epicycle belonging to it, in the Circumference of and 
which the Planet was fixed ; that the Epicycle of Mar Wt t. 

appeared larger than that of Jupiter, and the Epicycle of 7. 

Jupiter larger than that of Saturn, | 

3. Of the  3- Beſides the diurnal Motion of theſe Heavens from us, 
Mocimn of Eaſt to Weſt, they have a proper Motion of their own Wh g 
ibe Heaver! from Weſt to Eaſt; by which their Epicycles are car-W mor, 
Mars, ju. Tied along through all Parts of the Zodiack, thro' which cauſc 
piter, and we ſaid theſe Planets did paſs, and their Revolutions E art 
Saturn are compleated in the Times (before-mentioned when WW his! 
we were ſpeaking of their Phænamena) which theſe Pla- Diſt. 

nets take up in deſcribing an entire Circle under the fixed ii the { 
Stars. more 


6. Whilſt 
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4. Whilſt theſe Epicycles are carried along in this man- 4, Of the 
ner by thoſe Heavens which contain them, they alſo their Bye 
turn about their own Centers, and carry every one its cycles, 
Planet along with it, from Weſt to Eaſt in its upper 
Part, and from Eaſt to Welt in its lower Part; and the 
= Times of the entire Revolutions of theſe ſeveral Epicy- 

= cles, are thoſe before-mentioned, between the middle of 
s each Retrogradation, and the Middle of the following 
one. 
5. It is evident, that theſe Hypotheſes will not only 8. That theſe 
explain the apparent Motion which we obſerve in theſe — wg 
® Planets, by which they ſeem to turn about the Earth in Dire&ions, 
T wenty- four Hours; but alſo their Motion from Weſt OE 
to Eaſt beneath the fixed Stars; under. which each Planet _—_— 
{ ought to appear. Firſt, To advance very ſenſibly to- Mare, Ju- 
= wards the Eaſt, or to be direct, when it is in the upper E * 
Part of its Epicycle ; becauſe its Motion is then com- 
; ded of that with which it moves in its Epicycle, and 
Jof that with which the Epicycle it ſelf moves in its 
Hcaven alſo. Secondly, Each Planet ought to appear 
retrograde, when it is in the lower Part of its Epicycle ; 
becauſe the Motion about the Center of it, carries it fur- 
ther towards the Weſt, than the Motion of the Heaven 
in which the Epicycle is carried, does towards the Eaſt. 
Laſtly, Each Planet ought to appear Stationary when it 
is in either Extreme of the lower Half of the Epicycle, 


becauſe then, in turning about its Epicycle, it advances 


> 8 i. + 5 
Op I 
” Sy 1 TWP —_— 
0 2 5 — Ns 
— —— ——— — 


he neither more nor leſs towards the Weſt, than it is car- 
Ju- I ried towards the Eaſt by the Motion of its Heaven. 
far- 6. The Retrogradation of Mars ought to take up a *. 7 
larger Arch of the Zodiack than that of Jupiter, becauſe — _ 
had Mares Epicycle is ſuppoſed to be larger than Fupiter's ; more Retro- 
e of Wand for the like Reaſon, Fupiter's Retrogradation ought or i- 
lar: to take up a larger Part of a Circle than Saturn's. ter, fr 7 
le of 7. When a Planet is retrograde, it ought to appear piter mere 
bigger than when it is direct, becauſe it is then nearer to > Wh hi 
from us, being in the lower Part of its Epicycle. Planers ap- 
own 8. The apparent Bigneſs of Mars ought to increaſe 8 bieger 
car- more ſenſibly than that of Jupiter or that of Saturn, be- 7 — 
hich cauſe Mars being nearer to us, his Approach towards the grade. 
00 Earth, ( which is the whole Length of the Diameter of mo ” tbe 
when any 


his Epicycle,) is confiderably more in proportion to his z;,,.;; ef 


Pla- Diſtance, than the Approach of either of the other: For Mars in- 


fixedſſ the ſame Reaſon, the apparent Bigneſs of Jupiter ought er 
V hilft 


more ſenſibly to alter than that of Saturn. | — 2 


9. The 
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| 2 mp the 9. The Heavens belonging to theſe three Planets be- 


are often bid ing placed beyond the Heaven belonging to the Sun; it 
by the Inter- is impoſſible that they ſhould ever paſs betwixt the Sun 
24 / and the Earth; but they may very often hide ſome of 


Planers, hat the fixed Stars, becauſe they are ſuppoſed to be below 


the Firmament. 


never any 
3 be 10. Galilæus, by making uſe of Teleſcopes, firſt ob- 
won of th. ſerved thoſe four ſmall Stars, which 1 mentioned before, 


Satellites of which always accompany Jupiter, about whom they 


Jupiter. move both Ways, ſometimes to the Eaſt, and ſometimes 
to the Weſt, at unequal Diſtances. Theſe he named 
the Medicean Stars, but they are now called the Satel- 
lites or Guards of Fupiter. 

11. Of the II. Galilæus allo obſerved, that Saturn was found 

varies Fi- to alter his Figure, He ſometimes appearing round, and 

3 1 Sar at other Times oval; but we having made uſe of longer 


Teleſcopes than his, have obſerved Saturn to appear 
ll „Tab. X11, ſucceſſively under thoſe Figures which are * here repre- 


Fig. 22 ſented. | | 
12. Of a 12. We allo obſerve (1) a ſmall Star, which ſeems to 
Jmall Star deſcribe an oval Figure about Saturn, the longer Dia- 
— meter of which is on that Side where Saturn appears 
Saturn. longeſt. 

13. O the 13. As to the ſmall Stars which accompany Jupiter, 
Motion of Galilzus was of Opinion, that they turned about this 
3 Planet, and deſcribed Circles which are all in the fame 


Plane; which Plane continued, would paſs through the 
Center of the Earth. Mr. Caſſini, Profeſſor at Bolaugne, 
found by very exact Obſervations, that the firſt of theſe 
four Stars was diſtant from Jupiter on either Side, five 
Semi-diameters of this Planet, and his Periodical Revolu- 
tion one Day, eighteen Hours, and "Twenty-eight Mi- 
nutes : That the Second, which is a little bigger, was di- 
ſtant on either Side, eight Semi-diameters, and his Peri- 
odical Revolution, three Days , thirteen Hours, and 
eighteen Minutes: That the Third, which is the biggeſt 
of them all, was diſtant on either Side, thirteen Semi-dia- 


(1) A Small Star, &c.) Nay there 
are Five, as was faid before, wh'ch 
C2/jini and Hugenius have obſerved 


Hours, 41', 11; The Fifth, 79 
Days, 7 Hours, 53', 57 The 
Diſtance from the Center of Saturn 


to revolve about Saturn ; the Peri- 
cdical Terms of which are theſe. 
The Firſt or innermoſt, 1 Day, 21 
Hours, 18', 31” ; The Second, 2 
Days, 17 Hours, 415, 27; The 
Third, 4 Days, 13 Hours, 47, 
16 ; The Fourth, 15 Days, 22 


in Diameters of the Ring, Of the 
Firſt, is almoſt 1; of the Second 
14 3 of the Third, 143 of the 
Fourth 43; of the Fifth, 12. See 
Hugenius's Planetary MWorldi in Eng- 
liſp, Z dir. Sec. Pag 116. 


meters, 
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meters, and his Periodical Revolution, ſeven Days, three 
Hours, and Fifty-ſeven Minutes. Laſtly, That the 
Fourth, which is the leaſt of all, was diltant on each 
Side, Twenty-three Semi- diameters, and his Periodical 
Revolution fixteen Days, eighteen Hours, and nine 
Minutes. * 


tex of Matter which ſurrounds upiter. But becauſe it 


| turn about his own Center, we ſhould perhaps have 

had ſome Doubt about this, notwithſtanding it ſeems ſo 
d ME agrecable to Reaſon, if we had not been lately convin- 
= 


W ced of the Truth of it, an excellent Obſervation 
xr MY made by Caſſini. He was the firſt that took notice of 
Ir it, and was the Occaſion of others taking notice after- 


Wards of a certain Spot upon the Body of Jupiter, 
| which beginning to appear on one Side of this Planet, 
0 afterwards appeared towards the Center, and then on 
1- the other Side: After this it withdrew for ſome Time 
rs quite out of Sight, and then began to appear again on 
the ſame Side where it was firſt ſeen ; The Time which 
ry this Spot, and conſequently Jupiter it ſelf, takes up in 
compleating one Revolution, is about the Space of nine 
Hours, 


45 


14. We cannot conceive how theſe four ſmall Stars 14. Thar 


: - - Jupiter turns 
can move in this manner about Fupiter, and continue JJP*e 


their Motion, unleſs they be (1) carried by a ſmall Vor- cn Center. 


would from hence follow, that Jupiter alſo ought to 


15. There hath been the like Spot ſeen alſo upon 15. Thar 


the Body of Mars, which proves, that this Planet alſo Mn „ 4 
turns about its Center, in about the Space of Twenty- reit. 
four Hours. Center. 

16, Galilæus was ſurprized at the alterations of the 16. 4 Con. 


Figure of Saturn without being able to find out the HE: 


| Cauſez and fo have a great many Philoſophers been, ebe different 


who have in vain perplexed themſelves about it. But Arpraran- 
not long ſince, Mr. Hugens, a Dutch Gentleman, has 2 we 
very luckily thought of an Explication of this Phæno- 


enonon, by ſuppohng that Saturn is a ſpherical Body ſur- 


WP lcd at a certain Diſtance, by a Ring which is very 
thin (2) but of a conſiderable Breadth, the Plane of which 
paſtes through the Center of Saturn; and he ſuppoſes 


(1) Carried by a ſmall Vortex, to the Eclipt' ck, that about the Signs 
&c.) See the Notes on Chap. xxv. of Aries and Libra, the King can 
Art, 22. of this Part. ; {carce be ſeen at all; but about the 
(2) But of a confiderable Breadth, Signs of Cancer and Capricorn, it 
bo which we may add; that appears like two broad Handles. 
«ws Pane of the Ring is ſo inclined 


this 
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this Ring, as well as Saturn it ſelf, to be illuminated P 
by the Sun. F7 
= AnEx- 17. This being ſuppoſed, he ſhews that Saturn ought WM th 
2 Ts to appear round, as it is repreſented in A, when his Si- 
if it, tuation 1s ſuch, that if the Plane of his Ring be con- ar 
Tab. Xl! tinued, it would paſs through the Earth; becauſe the w 
w_ Thickneſs of this Ring is only turned towards us then, tu 
which Thickneſs cannot be perceived; but when the an 
Ring is in any other Situation, ſo that the Plane of it th 
is viſible to us, than it ought to appear to us of an H 
Oval Figure, ſuch as B, C, or D, which muſt be ſo 
much the bigger, as our Eye i is dlevated above the Plane tic 
of it. | | ali 
18. Of tle 18, As to the little Star which accompanies Saturn, he D 
Motion of ſuppoſes that to move in the Plane of this Ring, and that Z7 


be & | 
— > it compleats its Revolution about this Planet, in the | 8 aw 


tendi Sa- Space of ſixteen Days or thereabouts. the 
Tab. XII. 19. All the ſeveral Parts of the World, which we have Ea 


Fig. 3. (\ hitherto treated of, put together, and diſpoſed i in the Or- as! 
der in which we have mentioned them, will compoſe it f 
the following Figure, which repreſents the whole World, i alu 
according to the Hypotheſis of Ptolemy, 


Ea 
| h 
LEXEEEEEXEEF EE EE EEEEESY fa 
a 5 that 
| pot! 
The Second Part of Coſmography :W* : 
whe 
O R, of t 
An Explication of the Phenomena , upon 2 
Suppoſition that the Earth turns about 
its own Center in twenty-four Hours. 
C.H AF. XV. 
A Caution about the Poles and the Circles. . 
f 
1. of te ION Suppoſition, that the Earth turns about M We 
od a own Axis in twenty-four Hours, (by which tix 


apparent Motion of the Heavens is explained,) the tw 
Points of its Superficies which tum about their own felv« 


only, are the true Pales; and the (Circles which every othe 


* 
Poin 7 


this Pg 
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Point of its Superficies deſcribes, are the Circles of Lon- 
gitude upon the Earth, the largeſt of which Circles is 
| the Terreſtrial Equator, or the Equinoctial Line. 

2. So likewiſe the two Points in the Heavens, which 2. C/ the 
are directly againſt the two Poles of the Earth, and 2 
which ſeem never to move, whilſt all the reſt ſeem to Heavens, 
turn about, theſe are the apparent Poles of the Heavens; 

and the Circle, which we imagine to be directly againſt 
the Earth's Equator, is the apparent Equator of the 
Heavens. | 

3. When we would deſcribe the Horizon of any par- 3; 15 
ticular Place upon the Earth's Superficies, we imagine, "** _ 

& alike in both Hypotheſes, that this Horizon is ninety 
he Degrees diſtant every Way from the Place, and the 
nat Horizon which we imagine in the Heavens neceſſarily 
the paſſes through all thoſe Points, which are directly againſt 

the Earth's Horizon; now upon Suppoſition that the 
ave Earth moves, theſe Places in the Heavens are the ſame 
Or- as if the Motion were really in the Heavens; therefore 
zoſe it follows, that upon either Hypotheſis, the Horizon is 
rid, always the ſame. 

4. The Circles of Latitude, and the Meridians upon the 4. Of the 
Earth are always the ſame : For ſince the Meridians in tp wy 
the Heavens, are always ſuppoſed to be in thoſe Places — 
which are directly againſt the Earth's Meridians, and 
that theſe Places are always the ſame upon either Hy- 
potheſis; it follows, that the Meridians in the Heavens, 
ought to be the ſame here, as thoſe before deſcribed, 
when we allowed the Hypotheſis of the diurnal Motion 
of the Heavens. 


*** de de K ede e e ze de zx de de de de de de deze ze 


C HAP. XVIII. 
An Explication of the Sun's Phenomena. 


FIR ST. Though we conceive the Diſtance from ,, 2, ,,, 
hence to the Sun to be very great; yet the Diſtance Suppoftion. 

from hence to the Firmament (1) is fill vaſtly greater. 

We may indeed conceive it as great as we pleaſe, be- 

Cauſe there has not yet been any Method found out of 

determining it. 


,ut it 
ch tht 
e tw 
 ſelve 
' othe (a) Ts flill waſtly greater, &c.) See the Motes on Chap. Ny. Art. 3. of 


th Part, 
y Se 1 
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2. The ſe- 2. Secondly, We muſt ſuppoſe, that (1) the celeſtial 
Ow” Matter which ſurrounds the Sun, and which diffuſes it 
95 85 ſelf all Ways to a Diſtance much leſs than that where 
the fixed Stars are, but much greater than that where we 
are; turns from Weſt to Eaſt about the Sun, and car- 
ries the Earth along with it in ſuch a manner, as 
without hindring its Revolution about its own Center in 
Twenty-four Hours, to move very nearly parallel to it 
ſelf, and to deſcribe about the Sun every Year, a Circle 
ſomewhat excentrick ; to the Plane of which its Axis is 
inclined Twenty-three Degrees and a half. 
3. Why the 3. Upon this Hypotheſis, it is evident, Firſt, That 
Heavers the Sun as well as the whole viſible Heavens, ought to 
— "Eft t ſeem to deſcribe every Day, from Eaft to Weſt, a Cir- 
Weſt, Cle parallel to the Equator, 
4. Why the 4. Secondly. Becauſe the Earth goes about the Sun 
Sun app:ars from Weſt to Eaſt, the Sun muſt neceſſarily ſeem to move 
ro move from from Weſt to Eaſt in the Firmament, in which it would 
MENS * appear to deſcribe a Circle, which would indeed be the 
cliptics, fame as the Equator, if the Axis of the Earth were per- 
pendicular to the Plane of its annual Circle, but muft 
now differ from it, and interſect it at an Angle of 
Twenty-three Degrees and a Half, which is its Diſtance 
from it, by reaſon the Axis of the Earth has thus much 
Inclination to its Plane, 
5. That all 5. Having ſhewn how the Sun ought to appear, to turn 
the other about the Earth from Eaſt to Weſt every Day, and to 
£25, deſeribe Circles parallel to the Equator ; and further, that 
15225 «pn it ought alſo to have an apparent Motion from Weſt to 
what we Faſtin the Ecliptick, which it ſeems to move through in 
e a Year, it is eaſy to ſee that this will ſolve all the parti- 
cular Phenomena before- mentioned; I ſhall not there- 
fore ſpend any further Time in explaining them. 
6. That the ©. However, I cannot omit. in this Place, two very 
—_— important Things, belonging to the Subject we are now 
of the fined treating of. The Firſt is, That though the Diſtance be- 
Stars, and twixt the Earth and ſome of the fixed Stars, increaſes or 
_ 2 . diminiſhes in ſix Months time, by the Length of the 
3 whole Diamcter of the Earth's annual Circle; yet theſe 
to alter. Stars ought not to appear bigger at one Time than at 
another, The Second is, that though the Circle which 
the Earth deſcribes about the Sun, is very large conſidered 


by it ſelf, and with regard to theſe Meaſures Which 


(1) The Celef ia] Matter, &c.) See the Notes on Cap. X. Art. 22. of 
thu Part, 


we 
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we here make uſe of upon the Earth, yet notwithſtand- 
ing, the apparent Pole in the Heavens ought not to 
change its Place, but always throughout the whole Year, 
to keep the ſame Diſtance from the Pole Star. 

7. As to the firſt of theſe two; beſides the Proof of 7. y the 
it from hence, that the Diameter of the Earth's annual go=- 
Circle, as large as it ſeems to us to be, is not at all ſen- of the fined 
ſible, but a mere nothing, compared with (1) the im- Stars never 
menſe Diſtance that there is betwixt the Earth and the“ 
fixed Stars; | beſides this, I ſay, there is another Reaſon.» 
which I think no one has hitherto taken Notice of, and ud 
that is this; We judge of the Magnitude of a fixed Star 
by the Bigneſs of that Part of the Bottom of the Eye 
which is ſhaken, when we look upon it: But the Im- 
preſſion which a Star makes, is ſo ſtrong, that it ſpreads 


| over a Space a thouſand Times bigger in Diameter per- 


haps than the true Image; ſo that we ſee it (2) far bigger ba 
than it ought to be .ſeen. This being ſuppoſed; if we 
imagine that the Diameter of the Earth's annual Circle 
were ſo large, compared with the Diſtance betwixt the 
Starry Heaven, that we were twice as near a fixed Star, 
one Time of the Year, than we are at another, its true 
Image ought to be twice as large; but the trembling or. 
ſhaking, if it extends it ſelf to its uſual Diſtance all 
round, muſt. cauſe the Diameter of the falſe Image, by 
which we judge of the Diſtance of a Star when we are 
neareſt it, to be greater than the Diameter of the falſe 
Image when we are furtheſt off it, by a thouſandth Part 
only of its Diameter, which is not at all ſenſible :_ It 
follows therefore, that the apparent Magnitude of the 
Image ought not ſenſibly to increaſe. . 

8. As to the apparent Pole in the Heavens never alte- 8 Why the 
ring its Place, that is entirely owing to the immenſe Di- . — of 
ſtance of the fixed Stars from us, and to the Earth's pes 27 my 
Axis always keeping parallel to it ſelf. For hence it Heavens 
tollows, that the Alteration of the Pole in the Heavens, mo — 
being exactly equal to the Change of the Place of the ver akere 
Earth's Pole; the Alteration of the Pole in the Heavens all the Tear. 
cannot be at all ſenſible, becauſe of its great Diſtance. 


(1) With the immenſe Dilance.) (a) Far bigger than it ought.) 
dee Notes on Chap. Xav. Ar:. 3. of See Notes to Chap, xxxi: Art. 24, 
this Part, of the fir d Part. | 


- 
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| - ny" Sr XIX.- 


Ll. An Explication of the apparent Motion of the fixed 


1 1. Thos the Am not now ſpeaking of the diurnal Motion of the 
i apparent fixed Stars: If the Earth turns about its own Center, 
_ _ they muſt neceſſarily ſeem ſo to move: The Queſtion| 
fxed Stars now is concerning another Sort of Motion, by which 


| follows from every fixed Star ſeems to increaſe its Longitude ſince 
| tbe Earth's: Hi , . 

[ ipparchus's Time. 
| 

, 

| 


— — 


turning a- 


a, Only to fuppoſe, that the Earth, in its annual Revolu-Þ 
3e#ure fur tion about the Sun, does not keep an exact Paralleliſm, 
explaining but that it librates a very little, fo that in a great many} 
{lf => 33 "Thouſand Years, each of its Poles deſcribe a ſmall Cir- 
af evolution 
1 of the fixed Cle from Eaſt to Weſt. 
5 Stars. 3. Upon this Suppoſition, the Earth's Equinoctial Cir- 
| urs y 4 * cle will be applied to different Parts of the Heavens, 
bl ſeem to mere and therefore the Equinoctial Circle of the Heavens muff 
from Weſt to alter in the ſame manner, and cut the Ecliptick in dit- 
E. ferent Points, ſucceeding each other from Eaſt to Weſt. 
Now ſince we reckon the Longitude of the Stars from 
1 the Point of Interſection of theſe two Circles, it multi 
4 neceſſarily increaſe a little every Century. : 
Wl 4. Why che 4. The Alteration of Longitude that happens to an) 
| — ac of one fixed Star in a certain Number of Years, muſt be 
1 Stari frm the ſame in every other fixed Star; but all the fixed 
Ri W:ft to Eaft Stars together may alter their Longitude more ſenſibly iu 
#» unequal one Age than in another, if the Libration of the Eart! 
be greater in one Age than in another, 
Wl g. Why the F. In order to explain how the Declination of the E. 
1 — cliptick is leſſened, as Aſtronomers have from Time ti 
Ws rick leſens Time obſerved, ſince the Days of Hipparchus ; we nee 


1 from line only ſuppoſe this, that the Libration of the Earth, hat 
| ine. cauſed its Axis to be a little more elevated above th 
bl Plane of the Ecliptick : And from hence it will follow, 
bl | that the Equinoctial Circle in the Heavens muſt approxi 


„ ſomewhat nearer to the Ecliptick in which the Su 
| ſeems to move: There being therefore not ſo muc 
Diſtance betwixt the Ecliptick and the Equator, as the! 
was before, we imagine the former of theſe Circles t 
have come nearer to the latter, | 

| 6. Thi 


bout itz own 2. In order to account for this Phænomenon, we need 


V 


5llow, 
proac! 
Ee du 


murc: 


s ther 
cles t 


. Tit 
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6. The Libration which we here aſcribe to the Earth, 6. Thar rb. 


makes the Poles of it alter their Places; whence it fol- Poles of the 


Earth, da 
lows, that they ought not always to correſpond to the a ye. rol 


ſame Places in the Heavens; and thus late Aſtronomers 2 
have obſerved, that the Polar Star is much nearer the nn,, 
Pole now, than it was in the Days of Hipparchus. _. that they 


7. But no Libration or other Notion whatſoever, which my 7 
we ſuppoſe in the Earth, (1) can cauſe any Alteration in 7,4, 2e;on of 


the Elevation of the apparent Pole of the Heavens above te Earth, 


the Horizon in any particular Place, ſo long as the ſame — + dong 


Points of the Superficies of the Earth, continue to be ges of che 


the Poles of it. Becauſe, as the Poles alter their Places, Poli. 


= the whole Earth is altered likewiſe, and conſequently the - 
= Horizon in proportion. 


Thus if we ſuppoſe the Pole of 
the Earth to correſpond to a Place in the Heavens, dif- 
fering ſix Degrees from the Place to which it correſponds 
now; the Horizon which we conceive upon the Earth, 
would correſpond to a different Place alſo, from what it 
did before, by the ſame Number of Degrees: W hence 
it follows, that the Elevation of the Pole above the Ho- 
rizon muſt be always the ſame. | 

8. It is true, that if we ſuppoſed the Earth to turn 8, Ho the 
upon different Poles from what it does now, then this E!evation of 
Elevation would indeed be altered: And this would 3 # 
agree with the Opinion of ſome Moderns, who pre- rizm may 
tend, that the Latitude of Paris, and conſequently the % «#ered. 
Elevation of the Pole, is ' not the ſame that it was for- 
_ and that the Limits of the Sun's Setting are alſo 

tered, | | 


(1) Can cauſe any Alteration, 
&c.) The E evation of the Pole it 
ſ:if, would not indeed be alte ed, 


but its Diſtance from that Sta- 
which is now called the Pole - Star, 
would be very much altered. 


. D 2 
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CHAP. XX. 
An Explication of the Motions of Mercury and 
Venus. 
. EY E have been already aſſured, that Mercury and | 
no need of Venus are much nearer the Sun than the Earth 


making a" is; Which being granted, there is no need of ſuppoſing | 


new Suppo- t , 
ſion, p- 2 any Thing new, in order to explain the Phanomena 


der toex- they all neceſſarily follow, from what has been already | 


plain the 
Pbenomena 
of Mercury Sun. 


ſuppoſed in order to explain the Phænomena of the | 


— — — rags 


2nd Venus. 2. For, Firſt, ſince the Earth turns about its own 


2. How 
Me cry 


Fo 5 Eaſt to Weſt, and to deſcribe every Day a Circle pa- 
E „%  Tallel to the Equator. 


Me every 3. They ought alſo each of them to deſcribe a Circle 


E hs about the Sun from Weſt to Eaſt, becauſe they are con- 


ought to op- tained (1) in the celeſtial Matter, which carries the 


pear to move Earth about in that manner. 
from Weſt 
to Eoft. 


deſcribe a 
great Circle. 


15 the largeſt Circle which the cceleſtial Matter in which 
they are carried deſcribes. 
© That they 5. The Circles which Mercury and Venus deſcribe 
cuzbt ro f- about the Sun, being leſs than thet in which the Earth 
"jp kbei, js moved about it; we ought to conclude, that the true 
Crarſes in . . - 0 
ban a periodical Revolutions of theſe two Planets, are finiſhed 
Year, in leſs than a Year. 
6.Thatthey ©. However, they ought to appear to take up more 
debe to ap. Time in making a Revolution, than they really do take 


pear 19 ate up; becauſe we call that the Beginning of their Periods, 


4 more 6 £ 
Jia in a When thele Planets axe between the Sun and the Earth; 


Kewolution and We ſuppoſe this Period not finiſhed till we find them 
3 «1, there again: But becauſe the Earth changes its Place 
»Þ, alſo, whilſt the Planets make their Revolutions, that alſo 


(1) In the ce!eftial Matter, &c \ See the Notes upon Chap xx. Art. 22 
of inis Part. 
will 


Center from Weſt to Eaſt in twenty-four Hours; Mer- 
and Venus cury and Venus muſt neceſſarily appear to move from 


4. Further, according to this Law of Mechancks | 
4. That they founded in Reaſon and Experience, viz. that every Body 
ought to quhich moves in a Circle, endeavours to deſcribe the largeſt! | 
Circle that it can; Mercury and Venus, as well as the 
Earth, ought always to be in the Zodiack; becauſe that 


— —— — 


N 


{ 
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Cribe 
Marth 
true 


iſhed 


more 
take 
riods, 
arth; 
them 
Place 
t alſo 
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will be in a different Place from what it was in at the 
Beginning: Whence it follows, that the apparent Pe- 
riod of every one of the Planets, muſt neceſſarily com- 
prehend not only a whole Circle, but as much more 
alſo, as the Earth has paſſed through in the ſame 
Time. £2 
7. This being well underſtood, it will not appear at 5. Thar Ve- 
all ſtrange, that Venus, which moves in a leſs Circle nus. Biber 
than the Earth, ſhould notwithſtanding appear to take 227777525 
up nineteen Months: For the Earth having in this gb. 
Time gone above a Revolution and a half; Venus muſt Hentbe. 
have made more than two Revolutions and a half, 
when we think, that ſhe hath made but one ; whence 
it follows, that ſhe finiſhes her Courſe in leſs than eight 
Months. | 

8. And becauſe Mercury ſeems to make his Revolution 2. 75ar 
in ſix Months or thereabouts, during which Time, the fintſher is 
Earth makes half a Revolution ; therefore Mercury really courſe in 


finiſhes his Courſe in about four Months. about four 
Mont br. 


1 


C H A P. XXI. 


An Explication of the Motion of Mars, Jupiter, 
and Saturn. 


8 INC E ve are already aſſured, that Mars, Jupiler, 1. That 

and Saturn, do indeed ſo move about the Sun, thaf Mars, Ju- | 
the Circles which they deſcribe, contain the Earth's Bre and 
Circle within them; this is ſufficient to convince us, further di- 
that theſe Planets alſo (1) ſwim in the celeſtial Matter, Hat from 
and that they are further diſtant from the Sun than the br 4 
Earth is. | | | 

2. This being ſuppoſed, it follows, that Mars, Ju- 2. How they 
jiter, and Saturn, muſt not only ſeem to turn about 9P?*a” *2 
the Earth from Eaſt to Weſt in twenty-four Hours 4g mee 
but muſt alſo. be carried along by the celeſtial Matter rventy-four 
which contains them, in the fame manner as Mercury, ya wy 
Venus, and the Earth ase carried. ng 


1) Swim in the cælgbial Matter, 8x.) See the, Notes en Chaps xa, 


Art. 242. ; 


It 3 . Accord- 


4 — 
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7 Why 3. According to the Mechanick Law before-mentio- 
— — ned, the Circles which Mars, Jupiter, and Saturn de- 
Saturn, tale ſcribe, ought to be under the Zodiack ; and as they are 


E mary larger than that which the Earth deſcribes, it is eaſy to 


Tears in 
turning a- 


bour the Time as the Earth does hers. Thus we fee the Reaſon 

Sun. why Mars finiſhes his Courſe in near two Years, Jupi- 
ter in Twelve, and Saturn in Thirty, as they are ob- 
ſerved to do, wiz. becauſe they being further diſtant from 
the Sun than the Earth is; the celeſtial Matter at ſuch 
Diſtances, ought to take up proportionable "Times to re- 
volve round, 


4. Hero 4. Though theſe Planets move always directly on, 
and never ſtand ſtill, or go backwards, yet they muſt 
rregrade, neceſſarily appear to be ſtationary and retrograde, and | 

that at the Time when we think they ſhould be fo, v:z. BE 


theſe Planets 


appea ” res 


they ſeem retrograde as often as the Earth paſles be- 
twixt the Sun and them; becauſe we then move the 
ſame Way as they do, but quicker than they ; therefore 
we muſt ſee them applied to different Parts of the Star- 
ry Heaven every Day, and move the contrary Way to 
that which we go. 

5. How they 5. And as to their Stations, we ought to fee them 
"pperr , before and aſter every Retrogradation, becauſe then the 
Determination of the Earth's Motion, is ſomewhat ob- 
lique to the Determination of the Planet's Motion: So 
that the Velocity with which we are moved, is ſufficient 
only to make us ſee the fame Planet in the fame Place 

tor ſeveral Days together. 
6. A nere 6, This will be clearer by looking on the Figure. 
prrnicular Let us ſuppoſe, for Inſtance, the Circle here marked A 
be, to be the Sun; BC to be the Earth's annual Circle; 
Satin: and DM the Orbit of one of the Planets, Mars, Fupiter, 
wat: op or Saturn; and that FG repreſents the Starry Heaven: 
Tab. XIII. This being fo, if we conceive the Planet to begat D, 
Fig. 2. and the Earth at B, (fo that we are about to paſs betwixt 
it and the Sun) we muſt then ſee it under the Place of 
the Heaven marked F, Further, jf when the Earth is 
got to H, the Planet, which moves ſlower, is got to E 
only, ve ought to ſee it in F ſtill, the fame Place of the 
:eaven; and this explains the Station which precedes 
the Retrogradation ; after this; if we ſuppoſe the Earth 
to be got as far as IJ, and the Planet to L, then we 
ovght 10 ſee it under the Place of the Heaven marked 
G, whch is more Weſt than the Point F, where it 
appeared before ; which explains the ang 
| aftly, 


ſee, that they cannot finiſh their Courſe in ſo ſhort a | 


Ky * 5 
e ˙ ary 1 
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Laſtly, if we ſuppoſe the Earth to be got to C, and the 
Planet to M, we ought ſtill to ſee it in the ſame Place 
G; and this explains the Second Station, which follows 
the Retrogradation. 

7. The Nearneſs of Mars, makes the Arch FG, 7. Mae ir 
that is, the Parallax, and his Retrogradation, larger than = = 
the Parallax and Retrogradation of Fupiter. And be- — 4 = 
cauſe Jupiter is nearer us than Saturn, for the ſame Saturn, are 
Reaſon his Parallax and Retrogradation are larger than 2 ; 
thoſe of Saturn: Whence it follows, that when | Mar; 4. 


4 


s retrograde, he ought to appear to move through a 


bigger Arch of the Heavens than Jupiter, and Jupiter 
through a bigger than Saturn. | 

8. According to this Hypotheſis ; when the Earth is g. wy, 
betwixt the Sun and one of thefe Planets, we are nearer Planets ap- 
it by the whole Length of the Diameter of the Earth's pear bigger 1 
annual Orbit, than when the Sun is between this Planet are ren | 
and us, and therefore the Planet ought to appear bigger; grad, a 
now this happens at the Time of its Retrogradation ; it = _ 
is evident therefore, that the apparent Bigneſs of a Planet Zigneſs in- 
when it is retrograde, ought to exceed its apparent Big- creaſes une- 
neſs when it is direct. And becauſe the Length of this 1e. 
Diameter by which we are nearer to Mars, bears a 
greater Proportion to that Diſtance which we were from 
him before ; than the ſame Diameter, by whoſe Length 
we are nearer Jupiter alſo, does to the Diſtance we 
were from Fupiter ; it follows, that the Increaſe of the 
apparent Bigneſs of Mars, ought to be greater than the 
Increaſe of the apparent Bigneſs of Jupiter: And be- 
cauſe our Approach to Saturn is ſcarce perceivable, 
becauſe of his great Diſtance; therefore his apparent 
Bigneſs is hardly at all increaſed, when he becomes re- 


trogra de. 
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CHAP. XXI. 
An Explication of the Moon's Motion. 


3 Tu E Eclipſes of the Moon and of the Sun; 

— 7 apparent Bigneſs of the Moon, the Strength of 15 
8 Light, and its Parallax, do all ſhew, that the Moon is 
ee not very far diſtant from us: Wherefore it is natural to 
think, that it is contained in (1) that ſmall N in 


the Middle of which the Earth is placed. 


2. That the. 2. And becauſe the Matter of this Vortex is nd 35 


Man 3ught about its Center from Weſt to Eaſt, it muſt carry the 
2 % Moon along with it in that Manner about the Earth: 
Earth from But ſince the Circle deſcribed by the Moon, is much 
Wi % Eef larger than the Globe of the Earth; it is reaſonable to 
think, that if the Earth makes a Revolution of twenty- 
four Hours, the Moon cannot make one in leſs than a 
. .  - Month, 
3. Hero th 3. This Length of Time which the Moon takes up 
Men may in revolving about the Earth, is the Reaſon why ſhe 
e appears to make almoſt an entire Revolution from Eaſt 
twenty four to Weſt every Day, whilſt the Earth revolves about its 
— by Center in the ſame Time from Weſt to Eaſt ; But this 
24% „does not hinder, but that in a Month's Time or there- 
Month jrem abouts, the Moon may run through all the Signs of the 
Wt t Ea. Zodiack from Weſt to Eaſt, 
4. Why the 4. We muſt take notice here, that the Vortex in 
Motion of which the Moon is carried, and in whoſe Center the 
eve 2 — „ Earth is placed, being compreſſed between the Heavens 
2 1 of Venus and Mars, is not exactly round, but of an oval 
nere ſenfible Figure; the leſſer Diameter of which, if continued, 
7 = cloak , would paſs through the Center of thoſe Heavens, that 
8 is, through the Sun: This being ſo, the fluid Matter 
rban at the of this ſmall Vortex, which runs round the Earth, muſt 
* neceſlarily move quicker in thoſe Places where the 
a Paſſage is freighter than in thoſe Places where it is 
larger: W herefore the Moon, which is carried in this 
Matter, being in the ſtreighteſt Places, at the Times of 
its Conjunctions and Oppoſitions, its Motion towards 
the Faſt, ought to be more ſenſible at thoſe Times, 
than at any other. 


(1) That ſmall Vortex, &c) See the Netes on Chap. xxv+ Art. 22» 


5, The 


—— — 
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5. The Figure of the Moon's Path, which is that of 5. Vuy the 
an Oval, hinders it from being (1) ſo far diſtant from — . 
the Earth, at its Conjunctions and Oppoſitions, as at its — 
Quadratures. And hence it is, that about the Time of n the Nza- 
the Conjunctions and Oppoſitions, the Moon's Diameter e 
ought to appear largeſt. | e 
* 6. If the Motion of the Matter of a ſmall Vortex 6. Ny tb⸗ 
In which the Moon is carried, were to accommedate — 
it ſelf to the Earth's Motion only, then the Moon would er 22h 
appear to. move from Weſt to Faſt under the Equator ; ander ths 
and on the other Hand, if the Motion of this Matter, e. 
7 accommodated it ſelf to the Motion of the great Vor- 
tex about the Sun only; then the Moon would appear 
to move always under the Ecliptick ; but being to ac- 
commoadate it ſelf to both theſe Motions, it follows, 
that the Moon can neither be carried under the Equa- 
tor, nor under the Ecliptick, but m a third Circle, which 
approaches nearer the Ecliptick than the Equator, be- 
cauſe the Moon is nearer the Sun's Vortex, than ſhe is 
the Globe of the Earth. n 
7. The different Phaſes in which the Moon appears at 7. That the 


different Times, and the Eclipſes of the Sun, are ex- ere * 


plained in the ſame manner in this, as in the foregoing n ae 
Hypotheſis. 2 1 255 
8. Though according to this Hypotheſis, it is eaſy to . ke: 


imagine a Compoſition of the whole Heavens; yet I 755 Hypo 
thought it proper to repreſent them in the following 5% ar in 
Figure, | | 1 
FS one. 
| 1 ; Tab. XIII. 
(1) Se far diſtant from the Farth, much alters this Matter. See Tac- Fig. 2. 

kec.) It is to be obſerved however, guet: Aftron, Book II. Chap. iis 
that the Moon has two Perigeums Numb, 16. 5 | 
and tuo Hpogaum:, which very 
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C HAP. XXIII. 7 

Of the Syſtem of Tycho-Brahe. | a 
C 


WES TOE S the two Syſtems of the World which W ;; 
were publiſhed by Ptolemy and Copernicus, Tycho- ab 
Brahe invented a third, which has ſomething in it com- 1, 
mon to the other Two: For as to the Poſition of the th 
Parts of the Univerſe, Tycho agrees with Copernicus, | 
except only in this particular, that he makes the Earth of 
the Center of the fixed Stars. in 

2. And in order to explain the Motion of the Hea- w 
vens, and firſt, the apparent Motion of the whole Hea- 
vens, which they ſeem to complete in twenty-four 
Hours, Tycho was of the ſame Opinion with Ptolemy, | 
viz. that the Earth is at reſt in the Center of the World, | 
and that the whole Machine of the Heavens is turned | 
about it from Eaſt to Weſt in the Space of a Day, by 
the Action of the Primum Mobile. 


Lan 
= 
— 


89 


3: The jecond 3. He alſo explains the particular apparent Motion of 
in which be the fixed Stars in the ſame manner as Ptolemy and his R. 
agrees with Followers did. | | 


4. But in order to account for the apparent Motion 
of the Planets, we may affirm, that he entirely agrees 
with Copernicus, that is, he ſuppoſes Mercury, Venus, * 
Mars, fupiter, and Saturn, to revolve about the Sun, Bf in 
and the Moon about the Earth, in the Times mentioned BY acc 
by Copernicus. He only adds further of his own; that the BW the 
Sun revolves about the Earth from Weſt to Eaſt, and of: 
carries along with it, that huge Maſs, of which it is the ¶ one 
Center, conſiſting of all the Heavens of the Planets, WW reta 
whole and entire, and always parallel to it ſelf ; in ſuch N 
2 manner, that the Earth, being always at an equal Di- Who: 
ſtance {rom the ſeveral Parts of the Starry Heaven, is to 
be found ſucceſſively in all the Places contained between 
the Heavens of Venus and Mars, to which Copernicus 
ſuppoſes it applied in the Space of a Year. 

5. So that all the Difference that there is betwixt the 
Opinion of Copernicus and Tycho with reſpect to the 
Earth, compared with the fluid Matter of the World 
through which it moves, or which moves by the Sides of 
it, conſiſts in this; That Copernicus ſpeaks of the Moti- 
on of the Earth, as a Man would do, who was going to 
explain how he got from Paris to Orleans, viz. by point. 
ing 
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ing out the Way, and laying, that he was carried along 
in it by the Motion of a Coach and Horſes; whereas 
Tycho in ſpeaking of it, would do like another Man, 
who, having been in a Coach from Paris to Orleans, | 
the ſame Way ; would not acknowledge, that either the a 
Coach or Horſes moved at all, but affirms, that the Wax 
is moved, and the Wheels of the Coach only turned 
| about their own Axes, and the Horſes only lifted up their 
Legs, in order to let the Way flip under them, and that 
they might not be carried along with it. Sy 

6. They who are well acquainted with the. 8 6, That the 

ty E 


= of Ptolemy and Copernicus, will find no great Diffic got be ii 
in obſerving how this agrees with the Phenomena, but * Tycho 

3 . . . þ xplains all 
will ſce, that it very well explains the Directions, Sta- be Pheno. 
tions, and Retrogradations of the Planets. mena very 


well, 
22.242424 24 


C H A P. XXIV. 


Reflections upon the Hypotheſes of Ptolemy, Coper- 
nicus, and Tycho. | 


\ E have no Reaſon to think, that the Structure of . Wet there 
the World is ſuch, as we have no Idea of; becauſe — — 

in Things merely natural, we can always judge of them tres Hypo- 

according to the Ideas and Notions which we have of %% te 

wem. But becauſe we have here propoſed three Notionnss 

Jof the ſame Thing, one of which only can be the true 

one, we mult neceſſarily reject two of them as falſe, and 

retain the other as the only true one. 

2. In order to chooſe which of theſe Opinions we 2. How te 
ſnould be of, we mult throughly conſider the Hypotheſes r 
of Ptolemy, Copernicus, and Techs, and compare them theſe Hype. 
exactly with each other; for it we find any one of them %. 
to contain any Thing contrary to Experience or Reaſon, 
we ought not to make any Difficulty in rejecting it, 
in order to our embracing that only, in which there are 
no ſuch Repugnancies : And if there be no ſuch Repug- 
nancies in any of the three, yet we ought always to hx 
upon that, which is the moſt ſimple, and has the ſeweſt 
Suppoſitions; becauſe the more the Phenomena are, 
which can be explained by it, without making any new 
Suppaſitions, the mo: e the Proofs are that it is true. | 
3. The 
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3. Pe 3. The Hypotheſis of Ptolemy, as was before obſerved, 


Reaſon why ; 
ws cugbe co is Contrary to Experience, with relation to the different 


rejedt the Phaſes of Venus and Mercury 

Hyp«tbeſir of 4. It is alſo contrary to 1 Reaſon, becauſe it allows of 

3 Librations in the Chyſtalline Heavens; for this is tof 

Rea. admit of a great Alteration, in order to explain a ſmall 
one: Thus a Body which moves on always the ſame 


Way, though with nnequal Velocity, does not under- 
go ſo much Alteration, as a Body which, having begun 


to move one Way, moves all at once the oppoſite Way. 
To which may be added; that the Libration which is} 
introduced in order to explain the unequal Motion of the 
fixed Stars, is not ſufficient for that Purpoſe ; for Aſtro- 
nomers do very often find that their Calculations do not 
agree with the Phænomena. 

. The third 5. It ought alſo to be rejected, becauſe of the great 

Ren. Number of particular Suppoſitions, which it contains, 
and which are made upon all Occaſions, in order to 
explain any new Phænomenon; ſo that nothing can be 
deduced from the firſt Suppoſition, that will explain any 
new Thing, and which conſequently ſhould be taken for 
a Confirmation of the Hypatheſss. 

6. Tbe fours 6. Further, fince he aſcribes to the Primum Mobil: 

Reaſon. a Power of carrying along with it from Eaſt to Weſt, 
all the Heavens which are contained in it; we cannet 


conceive any Reaſon why it ſhould not carry the Eartlſ 
along with it alſo; and that ſo much the rather, becauſe 
the Defenders of this Hypotheſis, ſuppoſe it to be an 
unactive Maſs, and are directly againſt allowing it any 
particular Motion, by which it might advance as much 
from Weſt to Eaſt, as the Primum Mobile would carry 
it from Eaſt to Weſt; which is however the only Thing 


that they themſelves make uſe of, when they woult 

- new why the Starry Heaven and the Heavens' of- the 
Planets, do not finiſh their Revolutions in the ſame Time 

as the Primmm Mile docs his. 

1 7. I know that it is uſual to ſay, that the Gravity d 
Gravicy the Earth, hinders it from being moved by the Hes. 
ee vens Which incompaſs it; but I know alto that thi 
from bring Reaſon is not a true one: For, all that Experience 
carried a, teaches us, is; that Gravity is a Quality by which ter 


or reg reſtial Bodies tend to the Center ot the Earth, and tend 


Mooiie, Jikewiſe in the fame manner to unite with ** other 
Nov eit ſems as abſurd to apply this Gravity to the 
hind ring the Earth's Metion; as it would be to affirm, 
that a Number of Ferſons who dre in a Boat that tum 
round, 
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round, might hinder themſelves from being turned about, 
by claſping each other, and faſtning themſelves together 
as cloſe as they could. 
8. That the Hypotheſis of Ptolemy cannot be the true — - 


one, is moſt evident from hence ; that the Philoſophers , hp. 
of the ſeveral Ages ſince him, have not been able to refs of 


find out the Reaſon of two forts of Motions very con- Ptolemy, 


neither Gra. 
7 'y nor Le- 


fiderable, and which they themſelves own to be of very 


| great Importance: The firſt of theſe, is that Motion %), nr che 


by which heavy Things deſcend downwards, and light — _ 
Things aſcend upwards, that is, they have not yet been % Sea can 
able to ſhew, what Gravity and Levity conſiſt in: & explained. 
The other is that Motion by which the Waters of the 
Sea riſe and fall twice every Day at certain regular 
Hours, which is what we call the Flux and Refux of 
the Sea, | | 
9. We have as much Reafon to reject the Hypotheſis 9. That the 
of Tycha as that of Ptolemy ; for the Defects are much try "_ 7 
the ſame in them both: We may indeed affirm, that 2. 5 de 
there are fewer Suppoſitions in it to explain the Motions fe#:ve than 
of the Planets by, and that it accounts very well for the — i "wy 
apparent Phaſes of Venus; but it muſt be owned, that c 
there is one T'hing very ſhocking in it, and which can by 
no Means be reconciled with Reaſon, viz. when it ſup- 
poſes that Motion, by which the whole Maſs of which 
the Heavens of the Planets is compoſed, is carried thro? 
the whole Firmament. For though we ſhould ſuppoſe 
the Author of Nature, to have imprefled this Motion 
upon it at the Beginning; yet we muſt acknowledge, 
that according to the Laws of Nature, which he him- 
ſelf has eſtabliſhed, and by which we ſee all Things are 
governed, this Motion muſt gradually diminiſh and quite 
ceaſe at laſt 3 becauſe, according to the ſame Laws, it 
muſt be communicated to the coeleftial Matter, which 
that Maſs to which Tychs aſcribes this Motion, continu- 
ally turns out of its Place. | 
10. The Hypotheſis of Copernicus, is, without Doubt, 19. 7547 che 
the moſt ſimple of the Three : For he makes no more ee, 
Suppoſitions, than thoſe few which are neceſſary to ex- * 
plain the apparent Motion of the Sun and fixed Stars; prebable. 
and all the Phænomena of the Planets, which he ex- 
plains afterwards, and eſpecially, the Directions, Stations, 
and Retrogadations, of Mars, Jupiter, and Saturn, are 
lo many Proofs to confirm his Hypotheſes, aud to induce 
us to believe that he has hit upon the T ruth. 
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Tl. A Con- 


Prmation of 
the Hyfo- 


pernicus. 


ner as the Planets do: For, there is no doubt at all but 


12. That 
this Hypo- 
theſis does 
not really 
9 ſcribe 4 
Motion to 
ebe Earth, 


14. That the 
Objettions 
made againſt 
the Hypo- 
theſis f Co. 
pernicus, are 
of n Force, 


{ider, that as there is but one Sun to illuminate the Earth 
ebefis of Co- and Planets, and that the Planets ſhine by that foreign 
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II. It is a till greater Confirmation hereof, if we con- ¶ it 


Light which they borrow from it; it is very probable, 
that the Earth alſo receives her Light in the ſame man- 


that they receive theirs by revolving about the Sun, and, 
as we have good Reaſon to think, by turning about their 
own Centers likewiſe ; (for we are aſſured of this by Ob- 
ſervation in Mars, Fupiter, and Saturn ;) which being 
ſo, it is highly probable, that the Earth revolves in the 
ſame manner that Copernicus ſuppoſes. | 

12. Now there is this peculiar Advantage in this - 
pothefis, that it will ſatisfy not only all reaſonable Per- 5 
ſons, but even thoſe that are very ſcrupulous; by allow- 
ing to the former the Liber y of thinking as they pleaſe, | 
and of giving what Name they judge proper to that Tranſ- 
lation which the Earth makey; and by ſhewing to the 
latter, who can by no Meats agree, that any Motion 
at all ſhould be aſcribed to the Earth, that they need not 
be in the leaſt ſurpriſed at this Mypatbe/is on that Account, 
becauſe it is indeed but very improperly, that any Mo- 
tion is aſcribed to it. For if it be rightly underſtood (1) 
that the Motion is nothing elſe but | the ſucceſſrve Appli- 
cation of the Superficies of any Bo to the different Þ 
Parts of the Bodies which ſurround it, and immediate) 
touch it; we ſhall fee, that what wg call the diurnal 
Motion of the Earth, belongs rather to the whole Maſs} 


* ASC S RR x 


— 
4 


— — had 


compoſed of Earth, Seas and Air, than to the Earth in a 
particular; which ought to be looked upon as at per-! 
fect reſt, ſo long at it is carried by the Torrent of Mat- 

ter in which it ſwims; in the ſame manner as we lay, Bi , 
that a Man who is aſleep in a Ship, is at reſt, though | ; 
the Ship really is in Motion. So likewiſe will it appear, ; 


that the Motion which we commonly call the annual 
Motion of the Earth, does not at all belong to it, nor} 
to the Maſs compoſed of Earth, Water and Air, but 
to the cœleſtial Matter, which carries this whole Mats 
about the Sun. 

13. As to the Objections which are uſually made 
againſt this Hypotheſis, as for Example, that it would 
from thence follow, that a Stone let fall in the Air 
from a very high Place, would not fall upon that Place 
on the Karth which anſwered perpendicularly to it when 


(1) Tat Motion i ich ig eſe, &. ) How weak this is, may .e een in 
te Nirionlark, Ca. Ait. 


it 
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it was let go, but upon another Place to the Weſt of 
that; becauſe whilſt it is deſcending, the Earth is moved 
towards the Eaſt, and ſuch like Objections; they cannot 
be propoſed, but by ſuch as have not been at the Pains 
to think ſeriouſly upon the different Circumſtances of 
Motion: For, whoever has in the leaſt conſidered this 
Matter, will eaſily ſee, that according to the great Law 
of Nature, viz. that all Bodies will continue as much 
as they can, in that State in which they once are; all 
the terreſtrial Bodies, which have for ſo long Time turned 
with the Earth from Weſt to Eaſt, muſt have the ſame 
= Tendency to move that Way, as the Earth it ſelf has; 
= conſequently (1) a Stone let fall from a very high Place, 
cannot deſcend without moving forwards exactly as 
much as the Earth does ; whence it muſt neceſſarily fall 
upon the Place which correſponded to it perpendicularly 
when it was let go; and where we ſee by Experience, 
that it does fall, Nor ought we to think, that the Air, 
unleſs moved -by any external Cauſe, ſuch as the Wind, 
will at all alter the = in which the Stone has a Ten- 
dency to deſcend in; for the Air it ſelf moves towards 
the Eaſt, in the ſame manner as the Earth does, but it 
ought to move either quicker or flower than the Earth, 
if it were to accelerate or retard the Stone's Motion. 

14. After theſe Explanations, (2) we ſhall make no 14. That we 
Difficulty of joining with one Party, and decharing for be 7 
the Hypotheſis which is commonly called Copernicus's ; Copernicus 
ſo that when we mention our Hypotheſis hereafter, we Preſerable u 
are to be underſtood to mean this, which in all our 3 
Philoſophy we ſhall ſuppoſe to be the true one. 


(1) A Stone let fall from a very Argument, for the Hypotheſis of 
bigb Place, &c.) See the Notes an C:pernicus above all the reſt, drawa 
Part I. Chap. xiv. Art. 3. from the Diſtance of the fixed Stars, 


(2) We ſhall make no Diffcul'y, below in the Notes upon Chap. xxv. 
c.) You will find a very ingenicus Art 3. 
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C HAP. XV. 
Of the Nature of the Stars. 


1. That the 
Sun ſhines 
by its Wn 


N O Body doubts, but that the Sun ſhines by its 
own Light, for we do not ſee any where in the 
World a more luminous Body for it to borrow its Light 
from. i | | | 
2. That:he 2. What was before obſerved, concerning the Moon 
, e and Venus, ſhews us, that theſe Planets ſhine by | the 
Liebe 2obich Light which they receive from the Sun; and ſince the 
ebey receive Other Planets do not appear to have any more Light of 
'* their own than Venus; and ſince they all revolve about 
8 the Sun, as Venus and the Earth do, (which looks like 
ſome fort of Dependence upon it) it is natural to con- 


clude, that they alſo, like the other, ſhine by that Light 


3. That the 


fixed Stars 
Hine by their Pl 
own Light, 


only which they receive from the Sun. 


3. The fixed Stars ſhine a great deal brighter than the 
anets, whence we conclude, that they thine by their 


own Light as the Sun does. And indeed they are (1) at 
ſo great a Diſtance from the Sun, that we are ſure the 
could not be ſeen at all, if they borrowed their Light 


from him, any more than we can ſee the Satellites of 


Jupiter, and the ſmall Star about Saturn, without good 


"Teleſcopes. 


(r) At þo great a Diftance from 
the Sun, &c.) That the fixed Stars 
are at an immenſe and inconceivab'e 
D: tance from us, may eaſily be col- 
lected from hence; that though by 
the Earth's annual Motion, we are 
nearer them by the whole Length 
of the Diameter of the mag nut 
Orbis, yet their Situation or Magni- 
tude (Which indeed is but like a 
Point. See the Notes on Chap. xxxii. 
Art. 26. of this Part.) is not in the 
leaſt aliered: And indeed it cannot 
be determin'd how great this Diſtance 
is; becauſe there is no Parallax nor 
any other Meth d, whereby it can 
certainly be found out. Mr. Hugens 


thought of a very ingenious Way of 


making a Conjecture about it in his 
Conjeftures concerning the Planetary 
Worlds. Book II. pars 125. 

Tbeſe, ſays he, that tae birherra 


4. T his 


undert9;k t calculate their Diſtance, 
have not been ab'e perfectly to compaſs 
their Defi en, by reaſon of the extreme 


Niceneſs, and aimoſt Impoſſibitity of 


the Obſervations requiſite for ther 
Purpoſe, The only Met bod that I ſee 


remaining to come at any tolerabiePro- 


bability in ſo difficult a Caſe, I Hal 
here make wje of . Seeing then that the 
Stars, as I ſuid before, are ſo many 
Suns, F we do but ſuf poſe one of them 
equal to ours, it will foll;ww, that ili 
Diſtance from us, is as much greater 
than that of the Sun, as its appar 
rext Diameter is Ki than the Dia- 
motir of ihe Sun, But tbe Stars, 


even thoſe of the firſt Magnitude, 
though wiewed through a lel:jerf” 
are ſo very ſmall, that they ſeem an 
like ſo many ſbining Points, wil hen. 
any percervable Breadth, ſ tha 

Jes 


Part 


than 


ed 


Stars are ſo many Suns, placed in different Parts of the“, 


uch Obſeruations can here do us no 
good. When I ſaw this would not 
ſucceed, I Rudied by what y 1 
could ja leſſen the Diameter of the Sun, 
as to make it not appear larger than 
the Dog, or any other of the chief 
Stars To this purpoſe I cloſed ime 
End of my twWelus Fort l ube with a 
wery thin Plate, in the Midd'e of 
which I made a Hoe nit exce:ding 
the twelfth Part of a Line, that 11, 
the Hundred and forty frurth Part of 
an Inch. That End I turned to the 
Sun, placing my Eye at tbe other, 
and I could ſee ſo much of the Sun, 
as vas in Diameter about the 182d 
Part of the Whole, But ft that 
little Piece of bim 4025s brighter much 
than the Dog-Star is in the clear:ſt 
Night. I jaw that this would not 
do, but that I muſt leſſen the Diame- 
ter of the Sun a great deal more. I 
made then ſuch ancther Ho e in a Plate, 
and againſt it I placed a little round 
Glaſs that I bad made uſe of in my 
Microſcopes, of much ad:ut the ſame 
Diameter with the former Hole, {ben 
luking again tiwards the Sun, (ta- 
king care that no Livbt might come 
near my Fye to hinder my Ob eu- 
tion) I Found it afpear F mach tbe 
fame Clearneſs as Sirius. But com- 
puting according to the Rules Ff Di- 
optricks, I found bit Diame er nw 
was but As part of that bundred 
and eizhty jecond Part of bis whole 


Diameter that I ſaww thorcugh the 
former Hole, Multiplying 4 4 and 
into one another, the Product 
I fund to be ry The Sun 
therefore being C ntraed into ſuch a 
C:mpaſs, or being removed ſo far from 
wi ( for it's the ſame thing) as to 
make bis Diameter but the 27664tb 
Part of that wwe every Day ſee, w:ll 
ſend u. Juſt the ſame Light as the 
Dog-Star now doth, And bis Di- 
flance t hen from us will be to bis 
preſent Diſtance undoubtedly as 27654. 
ntl; and bis Diameter little à- 
bue four Thirds 4. Seeing then 
Sirius ts ſuppoſed equal to the Sur, it 
flows that bis Diameter is likew'ſe 
+ , and that his Diſlance to the 


Dift ance of the Sun from us is as 
27664 to 1. 


VOL. II. 


And ubat an incre+ 


Chap. 25. of NATURAL PHiLosoPHy, 
4. This being fo, it is reaſonable to think that the fixed 4: That tbe 


World : 


dible Diſtance that is, will appear by 
tbe ſume Way of Reaſoning that we 
uſ-d in meaſur'rg that of the Sun, 
For if twenty five Years are required, 
for a Bullet out of a Cannon, with 
its utmoſt Swiftneſ 1 travel from 
the Sun to us, then by multiplying the 
Number 27664 into 25, we hall 
find that ſuch a Bullet would ſpend 
aimoſt ſeven bundr:d thouſand Years, 
in its Journey between us and the 
neareſt of the fixed Stars And yet 
wwhen in a clear Night we lock upon 
them, awe cannot think toem aloe 
ſome few Miles over cur Heads. 
What I bave bere inquired into is 
concerning the neareſt of them. Fer 
the other ; ſince, as wor before ob- 
ſer ved, they are ſo much farther re- 
moved into the Heaven, that the 
Diſtance of the neareſt from the fol- 
lowing ones, 1s as great as the Dis 
ance of thoſe from the Sun, what 
an immenj'ty mult there til remain 
Apen I bawe been refletting thus 
with wy ſelf, I thou bt all our A- 
rithm.tick qu4s nitbing, and that we 
are werſed bit th the wery Rudiments 
of Numbers in Compariſon of this 
great Sum. This ig :nderd à very 
ingenicus C njecture of Mr. Hugens, 
But cur Flamſte ad has at laſt found, 
by wond-r'ui diligent Obfcrvations 
thit the fixed Stats have an ag u 
P.r.l'ax, wh ch is a compleat .De- 
monſtration of the M ion of the 
E-rth. And that this Parallax is 
about 30 

But the following Particulars, 
which are worth Obſervation, are ſo 
many Coaſequences of the vaſt Di- 
ſtance of the fixed Stars. 

Firſt, If we were to appreach 
ninety nine Times nearer to the 
fixed Stars than we now are, ſo that 
we were d ſtant from them but a 
hundr:dth Part of the preſent Di- 
ſtance, ws ſh nld ſee them but a 
very little bigger than we do now; 
for they would appear no bigger nor 
no otherwi'e than bey do now, 
when locked at wich a Teleſcope 
which magnifies the Obje a à hun- 
dred 'F:mes 

$-conily, Nine Parts at leaſt in 
Ten of tait whole Sy-ce which is 
betwixt us and the fixed Stars, fe- 
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World : In order therefore to explain the Nature and 


&. Mbat the 
Body of the 


Sun Fo 


and Sound could not come from 


Properties of them, I ſhall ſatisfy my ſelf, by explaining 
here the Nature and Properties of the Sun, and the Ex. 
plication of the one may ſerve for the Explication of the 
other. | 

5, We have already ſeen, that that Part of the World 
in the Center of which the Sun is placed, and which 


reaches every way a great deal beyond Saturn, (I) is a cer. 
tain Vortex; the Matter of which, except the Earth and 
Planets, is very liquid and tranſparent. To which we may 
add, that all this vaſt Extent of Matter, is compoſed of that 

of the firſt and ſecond Element only, and that it contain; 
a great deal more of the firſt Element than is neceſſary to 
fill up all the Interſtices that there muſt be between the 


* 


ceive no more Light either from the 
Sun or from any of the fixed Stars, 
than we do from the Stars in a clear 
Night, 

Thirdly, Light (becauſe, as was 
ſhewn above in the Notes on Part J. 
Chap · 27. Art. 30. it is propagated 
from the Sun to the Earth in about 
ſeven Minutes of Time) cannot come 
from the fived Stars to us in leſs 
than forty Days time at the leaſt ; 


tua tion of the fixed Stars with re- 
gard to each other, is not ſuch az 
we ſee it from the Earth We 0 
indeed certainly know by Obſervs- 
tion, the particular Parallel which 
any of them is in, becauſe the ſuc- 


not at all diſturb their Situation 
ſideways; but what their Places are 
with reſpect to each other in any 
Parallel, cannot at all be kn-wn by 
Obſervation, unleſs we knew their 
Diſtances, and ccnfidered well what 
Time Light would take to pal 
thro' them (which at preſent we di 
not.) Now fince we know the 
Places of the fixed Stars according 
to their Longitude and Latitude, 
only by having their Places with 
reſpect to their right Aſcenſion and 
Declins tion given by Obſervation; 
it will certainly follow, that the 
real Places of the fixed Stars can 
never be at all determined by us, 
the ſucceſſive Moticn of Light 
hindering it. Which ſtrange or ra- 
ther whimfical thing, in the antient 
Hvpotheſis, has not been obſerved 
by any Body (that I know of) butl 
think it is very well worth the No- 
tic? of the Followers of Peolemy (it 
there remains any ſuch.) Where- 
fore I leave ſo ſtrange and fo un- 
artificial an Invention to be con- 


thence to us in leſs Time than fiſty 
thouſand Years ; and a Ball ſhot out 
of a Cannon, would take up much 
longer Time ſtill. See the Philsſ-pht- 
cal Tranſatiions, No. 209. 

And trom hence the famous Mr. 
Whiſtin draws a very Ingenious Ar- 
gument, which overthrows both the 
Ptolemaick and Tychonick Syſtems 
of the World: © If, ſays be, there 
be any Difference in the Diſtances 
© of the fixed Stars from us, and none 
c of the Ptolemaick Aſtronomers 
© haye ventured peremptorily to af- 
« firm that there is not; then by rea- 
4 ſon of their vaſt Diſtances, the 
« Time wh ch Light takes up in 
coming from a fixed Star to the 
Earth, muſt be very great, not to 
«© be meaſured by a few Hours or 
Days, but by whole Weeks or ra- 
c ther Months. Whence it will 
fol low, that the true Places of the 
« fixed Stars, tho' they are both 
« really and apparently in their pro- 
« per Parallels of Declination ; yet 
© with reſpeC to their right Aicea- 
c ſions, will very much differ from fider'd by them, and to be deſpiſed 
c their apparent Places, nor will any by you. Afrronom. Left. p. 233. 
© one of them, unleſs by great (1) La certain Vortex, &c.) See 
4 Chance, ever be in that Place, the Notes on Art, 22+ of this Chap» 


Parts 
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with reſpect to the Horizon or Me- 
rid an of the Earth where it ap- 
pears to be. And be ſides it will fol- 
low ſrom the Difference of Di- 
ſtances, that the real Order and Si- 


cefive Propagation of Light does | 
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Chap. 25. of NATURAL PRHILOSOP RV. 


Parts of the ſecond Element: In Conſequence of this; 
ſince it is certain that Bodies which move in a Circle, 


have a Tendency 


to fly off from the Center of their 


Motion, and that the groſſeſt and moſt heavy Parts, 
ſuch as thoſe of the ſecond Element, have a greater 
Tendency to fly off than the other; it neceſſarily fol- 
lows, that the Parts of the ſecond Element ought to go 
off from the common Center, and to approach as near 
to each other, as their Figure and particular Motion 
will allow : So that they ought to force into the Place 
which they leave, all the Matter of the firſt Element, 
except ſo much only as is requiſite to fill up the Intervals 


between them. 


It is certain therefore, that towards the 


Middle of the Vortex in which we dwell, there muſt be 
a large Quantity of Matter, which is compoſed of the 
firſt Element only; and it is this Maſs of the ſubtle 
Matter which poſſeſſes the Center of the Vortex in which 
we are (1), which we call the Body of the Sun. 


(1) Which we call the Body ef 
the Sun, Kc.) Since we have ſhewn 
that the ſubtle Matter mentioned all 
along above, and the Vortexes men- 
tioned below (in the Notes on Art, 
20.) are fictitious and contrary to 
the Nature of Things: Let us hear 
what the illuſtrious Sir Iſaac New - 
tom ſays ſo incomparably well con- 
ceruing the Nature of the Sun and 
Stars from other Principles. Do 
© not great Bodies, ſays be, conſerve 
© their Heat the longeſt, their Parts 
© heating one another; and may 
© not great denſe and fixed Bodies, 
© when heated beyond a certain 
Degree, emit Light ſo copiouſly 
© az by the Emiſſion and Re- action 
© of its Light, and the Reflections 
© and Refractions of its Rays with- 
© 1n its Pores, to grow ſtill hotter, 
© till it comes to a certain Period of 
« Heat, ſuch as is that of the Sun; 
© Ard are not the Sun and fixed 
© Stars great Earths vehemently hot, 
© whole Heat is conſerv'd by the 
6 greatneſs of the Bodies, and the 
© mutual Aciion and Re action be- 
« tween them and the Light which 
© they emit, and whoſe Parts are 
kept from fuming away, not only 
© by their Fixity, but alſo by the 
Weight and Denſiy of the At- 
moſpheres incumbent upon them, 
* and very ſtrongly compreſſing 
* them, and condenſing the Vapours 

VOL I. 


6. We 


© and Exhalations which ariſe from 
c them? For if Water be made 
© luke-warm in any pellucid Veſ-- 
« ſel, and that Veſſel be afterwards 
« emptied of Air, that Water in 
© the Vacuum will bubble and boil 


as vehemently as it would do if 


. 
heated much hotter in a Veſſel ſet 
« on the Fire in the open Air. For 
the Weight of the incumbent At- 
« moſphere keeps down the Vapours, 
c and hinders the Water from boil- 
c ing, untill it grow much hotter 
« than is requiſite to make it boil 
« in vacuo. Alſo a mixture of Tin 
and Lead being put upon a red-hot 
Iron in vac, emitsa Fume and 
© Flame; but the ſame Mixture in 
© the open Air, by reaſon of the 
c incumbent Atmoſphere, does not 
« ſo much as emit any Fume, which 
« can be perceived by Sight. In like 
c manner the great Weight of the 
« Atmoſphere, which Les upon the 
Globe of the Sun. (For the 
Weight of Bodies upon the Superfi- 
cies of the Sun, is to the Weight of 
Bodies upon the Superficies cf the 
Earth, as the Magnitude and Den- 
ſity of the Sun is to the Magnitude 
and Denſity of the Earth,) may 
© hinder Bodies there from riſing up 
© and going away from the Sun in 
c the Form of Vapours and Fumes, 
© unleſs by Means ef a far greater 
Heat than that which on the Sur- 
|; E 2 « face 
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6. That 6. We certainly find in this Maſs of ſubtle Matters 


C 2 7 . 0 
9 the ſame Properties Which Experience ſhews us, that 


Szn wbich there are in the Sun. For firſt, This Maſs of ſubtle 


1 parallel to Matter, or this very liquid Body, which we may com- 
ebe Eclip- Matter, Ln & N 


tk 4 pare to the fineſt Flame, muſt neceſſarily be round which 
round, Way ſoever it be turned about; that is, if it be cut b 


any Plane parallel to the Ecliptick, in what Part ſcever 
the Section be made, it mult always be a Circle, other- 
wiſe it would follow, that there were Particles of the 
ſecond Element, that were not got ſo far from the 
Center of the Circle Which they deſcribe, as they ought 
to be; but this is impoſſible, becauſe the Heavens are 
fluid. 

7. Whilſt 7. Further; becauſe there is always a large Quantity 


Jome of the of the Matter of this firſt Element, which endeavours 
$ ® ? * * 
* to go off from the Center of the Vortex, and which 


Echprick ; does indeed go off from thence throngh the Interſtices 


ether Mat Which there is between the Particles of the ſecond Ele- 
fer enters in 


by the Poles, ment; it always endeavours to go off in Planes parallel 
to the Ecliptick, and never tends to the Poles. But be- 
cauſe the World is full, the Matter which goes thus 


off from the Sun, forces other Matter to enter by the 
Poles. 
8. That tbe 8. Becauſe we conſider all the fixed Stars as fo many 
Poles of the Suns, which conſequently ought every one of them to 
3 have their own proper Poles and Eclipticks, from which 
Fxed Steyr the Matter ought to flow in the Manner juſt now de- 


2 _ ſcribed ; it is reaſonable to think, that that Matter which 
Zee * - 


gairſt tbe flies off from the Places near the Ecliptick of one Star, 


Ecliprick of enters in by the Poles of another Star, which is con- 


Jome ether firmed from hence, that we cannot conceive how a great 
þxed Star, 


Number of Vortexes could ſubſiſt long together, with- 
out deſtroying each other, and being all blended into 
one, if the Poles of ſome did not directly correſpond to 
the Eclipticks of others. 


face of our Earth would very caſily „ that on our Earth the Air in- 
turn them into Vapours and „ creaſes the Heat of a culinary 
Fumes. And the ſame gre:t «© Fire, And the ſame Weight 
weight may condenſe thoſe Va- may kinder the Globe of the Sun 
pours ad Exhalations as ſcon as „ from being diminiſhed, unleſs per- 
they ſha I at any time begin to aſ- « haps by the Emiſſivn of Light, 
cend from the Sun, and make them and a very ſmall Quantity of Va- 
preſently fall b:ck azain into him, „ pours and Exhalations.” Newt» 
and by that Action increaſe his Opt, pag. 318, 

Heat; much after the manner, 


MK K KX «„ a 


9. Now 


OW 


Chap. 25. of NATURAL PHILOSOPHY, 69 
9. Now the Matter of the firſt Element which enters 9. Tar the 


into a Star at one of its Poles, goes on in a ſtreight Line, de . pu 
till it meets with the Particles of the ſecond Element * 
which are on the Side of the oppoſite Pole, againſt which 
ſtriking and preſſing with all the Force and Impetus of 

its Motion, it is reflected, and then turned round in 

Planes perpendicular to the Ecliptick ; and being moved 

every Way and on all Sides, it puſhes away the Particles 

of tc ſecond Element, which were got nearer than the 

re to the Center of the Star which they incompaſs; and 
conſcquently it muſt by this Means become round, not 

only at the Poles and the Ecliptick, but on every other 

Side of the whole Maſs : It follows therefore, that the 

Sun is an exact and periect Globe. 

10. We ſee alſo, that the Sun ought to be luminous, 10,7 * 
becauſe the Matter of which it is compoſed, by puſning 
all round, add to the ſeveral Motions which they had 
betore co make them a liquid Body, ſuch an Impreſſion as 
is 1cquiſite to make them, when they fall upon the Bottom 
of the Eye, ſhake*the Extremities of the ſmall Nerves 
which are there, and ſo cauſe the Senſation of Light. 

11. It is eaſy to collect from hence, that the Sun is 11. by ebe 
virtually hot, that is, that it has a Power to excite the i let. 
Senſation of Heat in us: For it was before ſhewn, that 
this Power neceflarily accompanies that of Light, and-is 
proportionable to it; ſo that the Sun being very lumi- 
nous, it muſt alſo be very hot. 

12, It may be obſerved here, that ſome of the Particles 12. How the 
of which the Sun is compoſed may ſo meet together and 2 
be entangled with each other ſometimes, that though they firmed. 
continue in Motion with reſpect to the Particles of the 
ſecond Element, with which they are ſurrounded ; yet 
with reſpect to each other they are at reſt, and ſo com- 
poſe an opake Body, like the Froth formed upon the 
Surface of Liquors when they begin to boil: And this 
may ſerve to account for thoſe Spots which we often fee, 
by the Help of Teleſcopes, upon the Body of tho Sun. 

13. It is alſo obſervable with regard to theſe Spots, that 73: wy 
we never fee any of them, but near the Ecliptick ; becaule, 8 
though any one of them ſhould begin to be formed near near the 
the Poles, as ſoon as it becomes pretty large, it muſt be £-#p'i- 
forced to quit thoſe Places, and retire towards the Eclip- | 
tick; for the Matter which deſcends from the Heavens, 
and enters in at the Poles of the Stars, will puſh it and 
drive it that Way ; and according to the Laws of Motion, 
the Tendency which it has to go off from the Center of 
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1:5:hs 1. Hiſtorians, (1) that the Sun has ſometimes appeared with 
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the Circle which it deſcribes, will cauſe 1t to approach 
the Ecliptick as the moſt remote Place, 
14 Why the 14. And it may ſo happen, that ſuch a Number of 
3 e theſe Spots may be formed, and they may be ſo ſtop- 
weakned ped by each other, as to cover almoſt the whole Body 
N of the Sun: And this agrees with what we read in ſome 
gether, a very faint Light for a whole Year together, ſo that 
Men might look ſteadily upon it without dazling their 
Eyes. 
75. That 1 5. And becauſe, during this Time, the fixed Stag 
ehi: Weak- did not appear leſs luminous than uſual; it is maniſeſt 
aye of Linde that the Weakneſs of the Sun's Light cannot be im- 
7s nt tobe puted to any Vapours or Exhalations in the Air; for if 


Res te Me IE 
— —— 2 — 


8 - it had been ſo, the Stars would have been hindred fi 
4 . * * * 1 ö ; 
an ber 4. from ſhining likewiſe. And this ſhews us alſo, that the MW t! 


fixed Stars fixed Stars do not borrow their Light from the Sun; © 


do not re- - | W 
"i for if they did, they would not have appeared fo bright 1 
Light from as uſual. 
the Sun 16. The Compariſon which we juſt now made be- fl 
—_— = tween the Spots of the Sun, and the Froth which ga- ſe 
Sun may thers together upon the Surface of Liquors when they BR 
d:ſappear. begin to boil, give us Ground to think that they may be | . 
diffipated in Length of Time as Froth is; either becauſe Bl *7 
the liquid Matter of the Sun, which is in a very quick f 
Motion, and agitated to the higheſt Degree, begins to f 
diſunite the Bottom Parts of the Spots, whoſe Particles MI Þ 

were ſtopped by each other ; or becauſe this Matter 
gets over the Spot which ſwims upon the Surface, in 1 
the ſame Manner as boiling Liquor riſes up and ſlides $ 
over the Froth, and at laſt {inks it to the Bottom of the f 
Veſſel. - 
17. Why be T7. It may be obſerved alſo, that if any of theſe Spots b 
2% afperrs diſappear in this manner, the Liquid Matter which paſ- ' 
brighter in { F R . | 
50 Place ſes or ſlides over it, and whoſe Paſſage is thereby ſtreight- I 
where the ned, and its Motion accelerated, muſt preſs upon and c 
5% T0212 puſh forward more than uſually, the Particles of the Se- b 
litele before, a 0 
cond Element which are againſt this Place, and ſo cauſe R 
us to perceive a brighter Light there, than in any other I 
Part of the Sun's Surface ; and this is confirmed by Ob- : 
ſervation : For it ſometimes has happened, that upon the 
4 
(1) That the Sun has ſometimes Antony ; it being pale for almoſt 4 f 
appeared, &c) Pliny, Book 1. Chap. ewubole ar together. And Plutarch, 
30. Ybere have been prodigious and Of ihe Opinions of the Philoſophers « 
very long Eclifpſes of the Sun, as when Nenophanes writes of an Eclipſe of 


Cæſa the Lictator was killed, and tie Sun for a whole Month , 
at the Iime of the War with Mark 


difa p- 
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diſappearing of a Spot ſeen in the Sun's Body one Day, 
an extraordinary Flame hath been ſeen to ſucceed it the 
next Day. | | 

18. It is alſo reaſonable to think, that ſome of theſe 18. How 
Spots may be ſo thick and denſe, as to require a very Jun 1-9 
long Time to diſſolve them intirely ; they may therefore 410 ena 
riſe up again to the Surface of the Fluid in which they ſadden 
were immerſed, and be immerſed in it again afterwards, 
before they are wholly diſſipated: So that we need not 
be ſurprized when we ſee ſome of the Spots upon the 
Sun's Body diſappear and appear again, in leſs Time 
than we can conceive them to be entirely diſſipated, and 
new ones formed. 

19. If the fixed Stars are liable to the ſame Alterations, 19. Hew 
ſince they are at vaſtly greater Diſtance from us than A ſixet 
the Sun; it is eaſy to imagine that they may entirely ape, 
ceaſe to be ſeen, when under ſome Circumſtances, in and zew 
which the Sun would appear only leſs luminous. Whence e Pear. 
it is not at all wonderful, that we ſhould now ſee ſome 
fixed Stars in the Heavens, which the Antients could not 
ſee ; and that they obſerved ſome in their Time, which 
we cannot find now : Nor was there any Wonder in that 
famous Star which was firſt ſeen about the Toth of No- 
dember in the Year 1572, amongſt the Stars in the Con- 
ſtellation called Caſſiopeia, (1) which appeared all on a 
ſudden larger and brighter than any other fixed Star; 
but afterwards grew leſs and weaker, till at laſt it wholly 


(1) Which appeared all on a ſud- 
den, &c.) The Appearance of new 
Stars is much better accounted for 
from the Theory of Comets, For 
though ſome of the fixed Stars may 
be ſo very remote fiom us, as not to 
be ſeen by the Help of our beſt 
Glaſſes, yet as they are fizry Bodies 
like the Sun, if any new Matter or 
Fewel be added to them, they may 
on a fudden blaze out fo as to be ſeen 
by the naked Eye, brighter than any 
other Star ; and as this Fewel is de- 
voured, they may diminiſh in their 
Brightneſs, ard by Degrees return to 
their firſt inviſible State. And that 
Comets might probably ſupply them 
with this Fewel, See Sir Iſaac 
Newton's Princip. Book III. pag. 


© Diameter, and by reaſon of its 
very great Velocity in this nearneſs, 
and ſome Denſity that there is in 
the Sun's Atmoſphere, it muſt 
meet with ſome Reſiſtance, and be 
a little retarded, and approach 
nearer the Sun; and by approach» 
ing in this manner nearer and 
nearer to the Sun every Revolu- 
tion, it muſt at laſt fall into the 
Body of the Sun. And in its A- 
phelion, where it moves ſloweſt, 
it may ſometimes be retarded by 
the Attraction of other Comets, 
and at ſome time or ot her fall into 
the Sun. And ſo the fixed Stars 
likewiſe, which by Degrees waſte 
themſelves by ſending torth Light 
and Vapours, may be ſupplied by 
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oft 4 431. The Comet which ap- Comets falling into them, and 
ch, « peared in 1680, in its Perihelion, by the kindling of this new Fewel 
ners. « was not fo far diſtant from the in them, they may be taken for 
e of s Sun, as the ſixth Part of the Sun's new Stars. 
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diſappeared in March 1574, without having at all 
changed its Situation which it had at firſt, with regard 
to the fixed Stars which were round about it. 
20. Thatthe 20, From what has been hitherto ſaid, it follows, that 
"_ 20 the Sun ought to be placed in the Center of that irregular 
W. » pens which is poſieſſed by his Vortex, amongſt the many 
of bis Ver- Other Vortexes, which have fixed Stars in the Centers 
tex. of them. But if we conſider that the Matter of the 
firſt Element which flows out of one Vortex into another, 
may not be determined to go directly to the Center of 
this other, we may conclude, that the Star in one Vor- 
tex ought to be in the Middle between the Center of the 
Vortex, and the Place which the Matter of the firſt E- 
lement, ſent out of other Vortexes, tends to. 
27. The 21. This being ſo; all the cœleſtial Matter which 
Cauſe of the turns about a Star, will be ſtreightened and forced into a 
tem. narrower Channel in ſome Places than in others, and by 
this Means, the Circles which are deſcribed by different 
Portions of this Matter, will be excentrick with reſpect 
to the Star about which they move; and this is the Rea- 
ſon why the Earth does not always move at equal Di- 
ſtances ſrom the Sun. Belides, as Chaff and Pieces of 
Wood, ſwimming upon the Surface of Water that turns 
round, do not always deſcribe the fame Circle, but 
delcrive Circles ſometimes nearer and ſometimes further 
off the Center of the Vortex, ſo in like manner the 
Earth in turning about the Sun, does not always neceſ- 
ſarily deſcribe the ſame Circle: And hence it is, that 
the greateſt Diftance betwixt the Earth and the Sun, or 
its Apogæum, may alter in different Ages, and be obſerved 


— 
ſometimes in one Part of the Firmament and ſometimes 


in another. 
22. The 22. In order to explain the whole apparent Motion of 
_— — the Heavens, there remains nothing but to find out the 
3 Cauſe, why the Earth in its annual Motion about the 
elways pa- Sun is carried in ſuch a manner, that its Axis always con- 
75 1 tinues parallel to its ſelf, or which is the ſame thing, its 
5 Poles always are directed to very nearly the ſame Points in 
the ſtarry Heaven, But this will not be very difficult 
to account for, if we conſider, that the diurnal Motion of 
the whole Maſs compoſed of Earth, Water, and Air 
determines the ſubtle Matter, which is in continual 
Agitation in the inward Parts of the Earth, to retire from 
its Axis, and go off in Planes parallel to the Equator; 
and that at the lame time there muſt neceſſarily enter 
into thoſe Parts which are near the Poles, a like Quantity 
of 
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of the ſame ſort of Matter flowing from the Parts near 
the Ecliptick of ſome neighbouring Vortex : For it is 
eaſy to conclude from hence, that when the Earth has 
once begun to receive the Matter which comes from one 
particular Part of the Heavens, it will continue to re- 
ceive it more conveniently, than it will do any other 
Matter that comes from other Parts; becauſe its Pores 
are more fitted to receive it, and 1t can enter into them 
without Interruption : Wherefore theſe occult Pores 
which we conceive to be parallel to the Earth's diurnat 
Motion, muſt neceſſarily be fo placed, (1) that the Mat- 
ter which enters into them, muſt enter directly in; which 
if it does, the Poles of the Earth muſt always be directed 
to the ſame Parts of the Heaven, and conſequently its 


Axis keep always parallel to it felt. 


(1) That the Matter which enters, 
&c.) That the Vortexes of Matter 
in which the Planets ſwim, are 
mere Fictions and contrary to the 
Phenomena of Nature; is evident 
from the following Arguments: 

Firſt, The immenſe Space of the 
World is fo far from being full of 
Matter (which imaginary Plenum is 
the ſole Foundation of the Fiction of 
Vortexes) that on the coatrary, that 
Space which is fill'd with Matter, 
bears no Proportion at all, to that 
immenſe Space which is void of all 
Matter. See the Notes en Part J. 
Chap. viii. Art. 2. 

Secondly, It is evident from the 
Motion of Comets, which paſs very 
freely in the heavenly Spaces all Ways 
and from and to all Parts, (in Orbs 
which cut the Planets Orbs at all An- 
gles) that the Planets cannot be car- 
ried along by Vortexes of Matter. 

1hirdly, According to the Laws 
© of Atronomy a Body which re- 
© volves in an Eacentrict Orb, moves 
« ſlower in its Apbelion, and quicker 
in its Peribelion; but ccording to 
the Laws of Mechanicks, the 
Matter of the Vortex onght to move 
ſwitter where the Place is ſtraiter 
and more compreſſed, that is, in the 
Aphelion, than wheie the Place is 
w der, and leſs compreſſed, that 1: 
in the Peribelron, which two things 
contradict each other. Thus in the 
* beginning of the Sign Virgo, where 
* the Aphelion of Mars now is, the 
© Diſtance betwixt the Orbs of Mars 
and Venus, is to the Diſtance be- 
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23. In 


tween the ſame Orbs in the begin- 
ning of the Sign Piſces in the Pro- 
portion of three to two very near- 
ly : And therefore the Matter of 
the Vortex contained between thoſe 
two Orbs ouzht to move ſwifter in 
the Beginning of iſcet, than in 
the Beginning of Virgin the ſ me 
Proportion of three to two 3 For 
the ſtraiter the Space is, through 
which the ſame Quantity of Mat. 
ter paſſes in the ſame Time of one 
Revolution, with ſo much the 
greater Velocity ought it to paſs, If 
therefore the Earth were carried 
along in this Celeftial Matter, be- 
ing relatively at reſt with it, and re- 
volv'd together with it about the 
dun; its Velocity in the Beginning 
cf Piſces, would be to its Velocity 
in the Beginning of Virgo, in a 
ſeſquialterate Ratio: Whence the 
apparent diurnal Motion cf the Sun 
in the beginning of Virgo, would 
be more than ſeventy Minutes, and 
in the Beginning of Piſces, leſs than 
forty eight Minutes. Whereas (we 
find by Experience) the apparent 
Motion of the Sun is greater in the 
Beginning of Piſces, than in the Be. 
ginning of Virgo, and therefore 
the Earth moves ſwifter in the he- 
ginning of Virgo than in the Be. 
ginning of Piſces. The Hyporheſis 
therefore of Vortexes directly con- 
tradicts the Aſtronomical Phæno- 
mena, and tends more to confound 
the Cœleſtial Motions than to ex- 
plain them.“ See Newt, Princip. 
Bok il. Schal. 10. Prop, LIII. 
Feourthly, 
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23. In order to conclude my Opinion concerning the 
Nature of the Planets, in few Words; we may add to 
what has been already ſaid of their being ſpherical Bodies, 


Fourtbly, © If three equal round 


Veſſels be filled, the one with Wa + 
ter, the other with Oil, the third 
with molten Pitch, and the Liquors 
be ſtirred about alike to give them 
a vort col Motion; the Pitch by its 
Tenacity will loſe its Motion quick- 
ly; the Oi! being leſs tenacious 
will keep it longer, and the Water 
being leſs tenacious will keep it 
longeſt, but yet will loſe it in a 
ſhort time. Whence it is ea ſy to 
underſtand, that if many contiguous 
Vortices of molten Pitch, were each 
of them as large as thoſe which 
ſome ſuppoſe to revolve about the 
Sun and fixed Stars,yet theſe and all 
their Parts, would, by theirTenacity 
and Stiffneſs, communicate their 
Motion to one another, till they all 
reſted among themſelves. Vortices 
of Oil or Water, or ſome fluider 
Matter, might continue longer in 
Motion ; but unleſs the Matter were 
void of all Tenacity and Attrition 
of Parts, and Communication of 
Motion (which is not to be ſuppo- 
ſed) the Motion would conſtantly 
c decay. Opticks, pag. 374- 

It is evident therefore that the 
Planets are not carried along in Vor- 
texes of Matter as in a River. But 
it -now appears from the moſt ex. 
act Obſervations of the Phzncmena 
of the cœleſtial Motions, that they 
are ſo placed in the moſt free and o- 
pen Spaces, as to revolve about certain 
Centers by a Force compounded of 
Gravity and a Projectile Motion in 
freight Lines, which were impreſſed 
upon them by G d at the Beginning 
vr. the larger Planets about the Sun, 
and the Satellites or Moons about 
their own Planets; I ſhall explain 
the Whole of this in a few Words, 

Becauſe all Matter gravitates to- 
wards all Matrer, in a certain Pro. 
portion to the Quantity and Diſtance 
(See the Notes en Cap xxviii. of this 
Part.) And becauſe the Budy of the 
Sun is much larger than all the Pla- 
nets put together; it is manifeſt that 
if all the P anets were at reſt in 
their proper Places, they would by 
their own Gravity be carried directly 
into the Suns 
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Now becauſe the Caſe was thus, 
and all the Planets gravitated to- 
wards the Sun, God impreſſed upon 
them a prejectile Motion in ſtreigbt 
Lines allo , in ſuch a manner as to 
be perpetually pull'd from the 
freight Lines and kept from flying 
off from their Orbs by Gravitation, 
and at the ſame Time to be perpe- 
tually urged on by that prejectile Mo. 
tion, leſt they ſhould fall into the 
Sun by the Force of their Gravita. 
tion : So that by theſe two Forces 
acting together, they muſt neceſſarily 
be carried in ſome curved Line about 
the Sun; jſt as a Stone turned about 
in a Sling, by being perpetually hin- 
dred by the String from flying off, all 
the whi'e that it endeavours to recede 
from the Center by its projedile Mo. 
tion, deſcribes a Circle. 

This will be plainer by looking 
on the Scheme. Let S be the Sun, 
A a Planet; and in 
the firſt Moment of Tab, XVIII. 
Time, let A deſcribe Fig. 1. 
by its projectile Mo- 
tion, the right Line AB; in the ſecond 
Moment ot Time, if nothing hindred 
it, it would go on freight to c, and 
deſcribe the Line Bc equal to AB, 
But when it comes to B it is pulled 
by its Gravity, and made to decline 
from the ſtreight Line Be, and to 
go in the ſtreight Line BC. 80 
likewiſe when it comes to C, it is 
pulled by its Gravity and made to 
decline from the ſtreight Line Cd,and 
to go in the ſtreight Line CD. Now 
if the Number of the Triangles ASB, 
BSC, CSD, be infinitely increaſed, 
and their Breadth infinitely diminiſh- 
ed, their laſt Perimeter ABCDEF 
will be a curve Line; and ſo the 
Gravity by which the Planet is pulled 
from the Tangent of the Orb, will 
act continual y, and the Planet will 
alſo be carried in this curve Line a- 
bout the Sun. 

If the prejectile Velocity be ſo ex 
actly adjuſted to the gravitat ing Force 
as to balance each other in ſuch 2 
Manner that the Planet ſhall neither 
approach nearer to, nor recede fur- 
ther from the Sun; in this Caſe the 
Planet will deſcribe an exact Circle 

: about 
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which ſhine by the Light they receive from the Sun; 
that their Superficies cannot but be unequal like that of the 


about the Sun; that is, if S be ſup- 
poſed the Center, and SB the Radius 
of a Circle, BSC the Angle genera- 
ted in a Moment of Time, Be or 
BC the Tangent, Arch or Sine of 
this Angle, and Cc the verſed Sine 
of double this Angle; then if Be or 
BC repreſent the prejectile Velocity, 
Cc will repreſent the gravitating 
Force : And becauſe (by the Property 
of the Circle) Cc 

Tab. XVIII. CB2 
Therefore 


Fig. 1. — 


SB 

the gravitat ing Force neceſſary to 
make Bodies revolve in concentrick 
Circles with an equable Moticn, 
muſt be as the Squares of their pro- 
jectile Velocities, applied to the Ra- 
dius's of the Circles; or the gravi- 
tat ing Forces muſt be in a duplicate 
Ratio of the prejectile Velocities di- 
rely, and a ſimple Ratio of their 
Radius's inverſely, And if SB be 
given, that is, if a Planet revolves 
in the ſame or equal Circles with 
different projectile Velocities, the 
gravitating Forces muſt be as the 
Squares of thoſe Velocities. 

Corol. 1. And becauſe the perio- 
dical Times are in a Ratio com- 
pounded of the Ratio of their Ra- 
dius's directly, and the Ratio of their 
Velocities inverſely, theſe being ſub- 
ſtituted for each other in the Ratio 
C32 
—— the centripetal Forces will be 

SB 
ina Ratio compounded of the Ratio 
of the Radius's directly. and the Ra- 
tio of the Squares of their periodi- 
cal Times inverſely. 

Corol. 2. And hence it will alſo 
follow ; that if the periodical Times 
be in a ſeſquialterate Ratio of the 
Radius's (that is, the Squares of the 
periodical Times as the Cubes of the 
Radius's) and for that Reaſon, the 
Velccities reciprocally in a ſub · du- 
plicate Ratio of the Radius's, the 
Centripetal Forces will be ceciprocal- 
ly as the Squares of the Radius's. 
See Newt, Princip. Book I. Prop, 
iv. Cor 2. and 6. 

It appears by Obſervation that in 
the Revolutions of the Planets a- 
bout the Sun, and the Satellites about 
the Planets, that the Squares of 
their pericdical Times are as the 


Cubes of their Diſtances, the gravis» 


Earth, 


tating Force therefore by which they 
are retained in their Orbs, is every 
where reciprocally as the Square cf 
their Diſtances. 

And the ſame holds true, if they 
are moved in any Conick Section; 
becauſe there is ſuch an Affinity be- 
twixt a Circle and theſe Sec ions; a 
Circle may be made to paſs into an 
Ellipſis, and an Ellipſis into a Pa- 
rabola, anda Parabola into an Hy- 
perbola ; and as by the Property of 

BC2Z 


the Circle. is e- Tab. XVIII. 
Ce Fig. 1. 

qual to the Diameter, 

ſo in all the other Sections the ſame 
Quantity is equal to the Latus Rec- 
tum: Wherefore if the projectile 
Velocity with which the Body de- 
parts from B be ſuch, that in the 
ſame Moment of Time that it de- 
ſcribes the Line Bc, the centripetal 
Force cauſes it to move through the 
Space Cc, the Body will move in 
ſome of the Conick Sections whoſe 

BCz 
Latus Refum will be equal to: 
Cc 

And they will be of different Species 
according to the different projectile 
Velocities, and the different directi- 
ons of them. See Princip, Book I, 
Prop. xiii. Corol. 2. 

Hence it follows; that becauſe the 
Motion of a Planet is retarded as it 
recedes from the Sun, and accelerated 
as it approaches towards the Sun, 
the Planet always deſcribes equal 
Areas in equal Times. That is, if 
the Planet by moving from R to F 
in the Space of an 
Hour, deſcribes the Tab. XVIII. 
Triangle RAF by Fig. 2. 

Rays drawn to the 

Sun ; the ſame Planet in the ſame 
Space of Time, will move in ſuch a 
manner from F to L, or from L to 
O, or from O to M, or from N to P, 
that the Triangles FAL, IL. A0, 
OAM, NAP, will be equz1 to each 
other, and to the Triangie RAF. 

This noble Propoſition may alſo 
be demonſtrated in the following 
manner. Let Cc be drawn parallel 
to the Line SB; | 
then becauſe the Tab, XVIII. 
Lines Cc and SB Fig. 1. 


are parallel ; the 
* z Triangle 
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Earth, becauſe every Part of them is viſible, viewed every 


Way. 


I know that my Opinion in this Matter, 1; 


widely different from that of a great many Philoſophers, 
who think that they ought to aſcribe all poſſible Perfec- 
tions to every Thing that is contained in the Heavens; 
and becauſe they believe that an exact ſpherical Figure is 
in its ſelf a real Perfection, they therefore affirm, that the 
Planets are perfectly round. But I freely depart from an 
Opinion which has no Foundation to ſupport it, and from 
which it would follow, that the Planets would be viſible 
only in a very {mall Part of their Superficies : For upon 
this Suppolition, all the other Parts of them would neceſ- 


come at the Eye. 


the Superſicies of the Planets does not agree with Experi- 


CNCC, 


(nw, 


Thus, for Inſtance, we can ſee with a Teleſcope 


towards the Edge of the Light which falls upon the Body 
of the Moon, certain dark or obſcure Inequalities, which 
look like Shadows made in the Valleys by Mountains, 
and which leſſen, and at laſt quite diſappear, according as i 
the Sun ſhines more or leſs directly upon thoſe Places: 
And theſe different dark or obſcure Places, ( ſome of 


- which certainly proceed from hence, that there are ſome 


Parts of the Moon which do not reflect ſo much Light 


when they look upon the Moon, to imagine that they 


ſee Eyes, a Noſe, and Mouth, Cc. 


But we ſee nothing 


like them when we look through a Teleſcope. 


Triangle SCB will be equal to the 
Triangle ScB, and alſo equal to the 
Triangle SBA: That is, becauſe 
AB, BC and CD are Lines moved 
through in equal Times (by the Fy- 
potheſis) the equal Triengles ASB, 
BSC, Sc. will be equal Areas de- 
feribed in equal Times. See Newt, 
Princip, Buck I. Sect. ii. Prop. 1. 

This is the Nature of the Motion 
of all the Planets, as well the pri- 
mary Planets about the Sun, as the 
Moons or Satellites about their own 
Planets; except only that they are 
moved in Ellipſes nit much d fferent 
from Circles. 

But the projectile Motion may be 
fo very quick, that the Ellipſis in 
which the Planet is carried may be- 
come of a very great Length and 

very excen rick; ſuch 
Fig. 22 as is here deſcribed. 
Arda Planet movizg 


in ſuch an Orb is called a Comet. 

Nay, the projectile Motion may 
poſſibly be ſo much quicker ſtill, 
that the P/anet may be carried in a 
Parabola, fo as never to return a- 
gain: But we do not know of any 
ſuch Motion in Nature. 

Upon theſe Principles the illuſtri- 
ous Sir J/adac Newton, in his wonder- 
ful Book of the Mathematical Prin. 
ciples of Philsſophy, has explained 
the true Syſtem of the World, and 
ſhewn the true and adequate Cauſes 
of all the celeſtial Motions almoſt 
beyond the Genius of a Man, 

Ard in this, the Sagacity of Kep- 
ler is very wonderful, who though he 
could not demonſtrate the Cauſes of 
the celeſtial Motions; yet he hit 
off the true Principles by a ſurpri- 
ſingly happy Conjecture. See Kep- 


ler's Introdution to the Book of 


the Motion of Mars, 
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(r) The Planets are very like our 
Earth, &c.\ Amongſt the Ancients, 


Wc Hera:lides and the Pythaporeans 


« (aco:ding to the Teſtimony of Plu- 


( tarcb, Hook II. Chap. xti1. concern. 
Wc ing he Orinions of the Phi oſo- 
We phers) thought that every Star was 
a World, having Ether and Air 
Wc ſurrounding their Earth, but eſpe - 
Wc cially the Moon, which has in it 


« a great many Mountains, Cities 


and Houſes.” Almoſt all the reſt of 
chem, thought that all the Stare were 
Wof a fiery Nature. 


Bu: it appears 
now, that the Planets are all of them 


Wopake terreſtrial Bodies, but ſome of 


them more cenſe than the Earth, 


BW for the Denfity ef the P anets are 


reciprocally as their Diſtances from 
the Sun, multiplied by the Roots of 
their apparent Diameters ſeen from 
the Sun Saturn therefore is much 
rarer than the Earth, and Mercury 
much denſer z and the Denſity of the 
Moon t that of the Earth, is very 
nearly as 700 fo 387. Newt, Prin. 


| ci Book III. Prop. 8. Cor. 5. and 


Prop. 37. Cor. 3. The Body of the 


Mon toereſore ts denſer and more ter- 


reſtrial than our Earth, | wonder this 
ſhould e cape the learned Mr. LeClerc, 
who concindes the contrary from the 
fame Principles. The Mon 18 nat only 


ks than the Earth, about which it 
W moves, but conſiſts alſy of Matter beſs 


denſe, from the Princip e ſo often men- 
fioned already, that th: moſt aenſe 
Things are tbe beawieft, that is, get 
the neareſt of all to the Center, abrut 
which they move. Natural Philoſ. 
Book I. Chap. viii. Sect. 22. 

But Ga tl#us ſpeaks very well of 
the Similitude which there is be- 
tween the Planets and the Earth, in 
his Syſtem of the World, Dal. 1. 


_ © Whether, ſays be, there be any 


© Herbs, Plamis or Animals like ours 
growing in the Moon or any other 
Planet, or whether there be any 
© Riin or Wind, or Liehrning pro- 
© duce: there, as there is upon the 
Earth, 4 neither know nor beiteve ; 


much leſs that there are Men dwel- 


Chap. 25. ff NATURAL PHILOSOPHY, 


24. All theſe things being ſo ; we cannot but think 24. That al? 
that (1) the Planets are very like our Earth; which woul 


not appear otherwiſe to a Man that ſhould look at Fart, 


© ling there, But however I don't 
© ſee how it neceſſarily follows, that 
© becauſe there grows nothing there 
© like any of the Things here; there- 
© fore there can be no A teration 
© made there at all, nor no other 
© Things altered, generated, and diſ- 
© ſolved, which are not only different 
£ from ours, bur ſuch as we cannot 
© have the leaſt Notion of at all, nor 
© fo much as thiak about. For as 1 
© don't doubt but that if a Perſon 
£ were born and brought up in a large 
Wood, amongſt wild Beaſts and 
Birds, and had never kn»wn any 


c thing of the Element of Water, 


© it would never have entered into 
© his Imagination to think, that there 
„was in Nature a World d fferent 
© from the Land, full of Animals 
© which could move very ſwiftly 
without Legs or Wings, and that not 
upon the Syp-rficies only, as Beaſts 
do upon the Gronnd,but at the very 
© Pottom of all, and not only (+, but 
© they can ſtand ſtill in any Pace, 
© which is more than Birds can do 
cin the Air. Nay further, that Men 
© dwell there and build Palaces and 
Cities; and that they have ſo quick 
© a Method of Travelling, that they 
can with-ut anyPains remove their 
whole Families, Houſes, and the very 
Cities chemſelves into the moſt di- 
« ſtant Countries ; as I lay it is very 
« certain, that ſuch a Perſon, tho“ 
© he had never ſo quick an Imagina- 
© tion, wou'd never think of Fiſhes, 
« of the Ocean, of Sh'ps, and Fleets 3 
© ſo it may equally, nay much more 
probably be, that in the Moon, 
© which is at ſo great a Diſtance from 
© us, and the Matter of wh ch may 
perhaps be © very diff rent from 
© rhat of our Earth, there may ex:ſt 
« ſome Beings, wno may act in a 
© Manner which we can have no 
© Nbtion of, and intirely aifferent 
from as, as having no Reſembl-nce 
© at ali to us, and therefore ſuch 
© 25 can in no wile enter info our 
Thoughts. See alſo Hugentus's 
Planetary Worlds, Bo J. 


it 
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it from the Moon (1) than the Moon does to a Man who 
beholds it from the Earth. Not that I would venture to 


(1) Than the Moon does to a Man, 


&c.) Beſides the Similitude that 
there is betwixt the Planets and our 
Earth, with reſpe& to the Bodies of 
them, and the Things contained in 
them ; there is alſoanother Similitude 
between them with regard to exter- 
nal Things, viz. the Phænomena of 
the celeſtial Motions, and the mutual 
Aſpects of the Planets obſerved from 


thence, 


Which Subject Hagenius in 


bis Planetary Morldi, Book II. having 
treated very pleaſantly and very a- 
ſtronomically, we will here pick a 
few Things out of him, and will 
ſuppoſe, that there are ſome rational 


Creatures in every one of the Pla- 


nets, capable of obſerving the Moti- 


ons and Phænomena of the Heavens 
from thence. 
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To begin then, ſays he, with the 
innermoſt and neareſt the Sun ; we 
know that Mercury is three Times 
nearer that vaſt Bidy of Light 
than we are; whence it follows, 
that they ſee him three times b g- 
ger, and feel him nine times hotter 
than we do. Such a Degree cf 
Heat would be intolerable to us, 
and ſet on fire all our dried Herbe, 
our Hay and Straw that we uſe. 
And yet there is no doubt but that 
the Animals there, are made of 
ſuch a Temper, as to be but mo- 
derately warm, and the Planets ſuch 
as to be able to endure the Heat. 
The Inhabitants of Mercury, tis 
likely, have the ſame Opinion of us 
that we have of Saturn, that we 
muſt be intolerably cold, and have 
little or no Light, we are ſo far from 
the Sun The Aſtronomy of 
thoſe that live in Mercury, and the 
Appearance of the Planets to them, 
oppoſite at certain Times to the Sun, 
may be eaſiy conceived by the 
Scheme of the Copernican Syſtem, 
At the Times of theſe Oppoſitions, 
Venus and the Earth muſt needs 
appear very bright and large to 
them. For if Venus ſhines ſo glo- 
riouſly to us when ſhe is but like 
the Moon a little after it is new; 
ſhe muſt neceſſarily in Oppoſition 
to the Sun, when ſhe is full, be at 


< lealt fig or ſeven times larger, and 
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affirm, 


a great deal nearer to the lnhabitant: 
of Mercury, and afford them Light 
ſo ſtrong and bright, that they have 
no Rea on to complain of their 
want of a Moon. What the Length 
of their Days are, or whether they 
have different Seaſons in the Year, 
is not yet diſcovered, but his 
Year is ſcarce the fourth Part ſo 
long as ours. 
© The Inhabitants of Venus have 
much the ſame Face of Things as 
thoſe in Mercury, only they never 
ſee him in Oppoſition to the Sun, 
which is occaſioned, by his never 
removing above thirty eight De- 
grees or thereabouts from it. The 
Sun appears to them larger by half 
in his Diameter, and above twice ay 
big a Face, as to us, and by Conſe- 
quence aftords them but twice as 
much Light and Heat, ſo that they 
are nearer our Temperature than 
Mercury. Their Vear is compleated 
in ſeven of our Months and a half, 
In the Night, our Earth, when it 
is on the other Side of the Sun from 
Venur, muſt needs ſeem larger and 
brighter to Venus than ſhe ever doe 
tC us» 
© Bat Mars has ſome Parts of him 
darker than other ſome, By the 
conſtant Returns of which, hi: 
Nights and Days have been found 
to be of about the ſame Length 
with ours. But the Inhabitants have 
no perceivable Difference between 
Summer and Winter, the Axis df 
that Planet having very little or no 
Inclination to his Orbit, as has been 
diſcovered by the Motion of his 
Spots, Our Earth muſt appear tv 
them almoſt as Venus does to vs, 
and by the help of aTeleſcope will 
be found to have its Wane, Increak 
and Full, like the Moon, His 
Light and Heat is twice, and ſome- 
times three times leſs than ours, 
to which I ſuppoſe the Conſtitution 
of the Inhabitants is anſwerable. 
© In Jupiter the Length of thelt 
Days are equal only to ten of out 
Hours; but their Years are equal to 
twelve of ours, and they enjoy # 
perpetual Equinox there. The Sun 
appears to them who are * it 
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affirm, that there are living Creatures in the Moon, or 
that they generate in the ſame manner as upon the Earth, 
becauſe though this be a thing poſſible, yet it is alſo 


poſſible that it may not be ſo. 


For in things which 


cannot be certainly determined by Reaſon, I think it 
very raſh to perſiſt in an Opinion contrary to the com- 


mon Notions. 


« five times les in Diameter, than it 
c does to us, and conſequently they 
c have but the twenty fifth Part of 
« the Light and Heat that we receive 
« from it. But that Light is not ſa 
c weak as we may imagine, as is 
plain by the Brightneſs of that Pla- 
net in the Night; and alſo from 
hence, that when the Sun is ſo far 
eclipſed to us,as that only a twenty- 


fifth Part of his Disk remains un- 


c 

c 

c 

c 

4 

© covered, he is not ſenſibly darkned. 
But if you have a Mind exactly to 
« know the Quantity of Light that 
« Fupiter enjoys, you may take a Tube 
« of what Length you pleaſe, let 
« one End of it be cloſed with a 
Plate of Braſs or any ſuch Thing, 
« in the Middle of which there muſt 
« be a Hole, whoſe Breadth muſt have 
« the ſame Proportion to the Length 
« of the Tube, as a Chord of fix Mi. 
« nutes bears to the Radius ; that is, 
about as one is to five hundred and 
« ſeventy ; Let the Tube be turned 
« ſoto the Sun, that no Light may fall 
« upon a white Paper placed at the 
End of it, but what comes through 
« the little Hole at the other End 
« of the Tube. The Rays that come 
« through this will repreſent the Sun 
c upon the Paper, of the ſame Bright. 
« neſs that the Inhabitants of Jupiter 
© ſee it in a clear Day And if you 
© remove the P-per and put your Eye 
in the ſame Place, you will ſee the 
© Sun of the ſame Magnitude and 
© Brightneſs as you would were you 
© in Jupiter. It you make the Hole 
c twice as little in Diameter, there 
© will tall upon the Paper and upon 
© the Eye, the fame Light as the In- 
© babitants of Saturn have. And 
© although this Light be but a hun- 
© dredth Part o. ours, yet you fee 
© it makes Saturn ſhine tolerably 
* bright in a dark Night.“ Further, 


they in Saturn can ſee but one of the 
other Planets, and that is Jupiter; 
ſo likewiſe they in Jupiter can ſee 
only Saturn, for the reſt are too 
near the Sun to be ſeen. The fixed 
Stars, by Reaſon of their immenſe Di- 
ſtance, may be ſeen from Saturn and 
Fupiter, in the very ſame manner and 
in the ſame Figures, and diſtinguiſh'd 
with the ſame inequality of Light, as 
we ſee them · It is not to be doubted 
but that Saturn by his five Moons, 
and Jupiter by his four, have a great 
Advantage above us with our one 
Moon. But the moſt ſurpriſing Phæ- 
nomena, muſt neceſſarily be pro. 
duced by that Ring which we men. 
tioned ſurrounding him. There is 
alſo a very great Difference betwixt 
Summer and Winter in Saturn, be- 
cauſe of the great Inclination of his 
Axis to the Plane of his Orb, which 
is thirty one Degrees, whereas ours 
is but twenty-three Degrees and a 
half, A Yearin Saturn is equal to 
thirty of our Years 3 but what the 
Length of the Day is, is not yet found 
out. 

Laſtly, The Moon is divided into 
two Hemiſpheres in ſuch a manner, 
that they who inhabit one of them, 
have always a Sight of our Earth, and 
they who inhabit the other,never ſee 
it at all. They alſo ſee our Earth, 
much larger than the Moon appears 
to ns (and which is very wonderful) 
hanging always at the ſame Height 
above the Horizon as if it never mo- 
ved, and turning about its Axis in 
twenty four Hours, and its Light In- 
creafing, Full, and Drereaſing every 
Month The Moon alſo receives 
from us fifteen times as much Light 
as we do from it: The Sun alſo riſes 
and ſets once in every Month of ours, 
which makes the Days and Nights 
very lorg, 
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mean by a” 
Comet. 


3. 07 the 


ROHAULT's SYSTEM Part II. 


C HAP. XXVI. 
Of COMETS. 


: Why won * HEN I gave an Account of the Obſervations of 


the ſeveral ccœeleſtial Bodies; I ſhould have menti- 
oned thoſe made from Time to Time about Comets ; but 
I purpoſely torbore this, becauſe I know that they are 
not, in the common Opinion of Philoſophers, reckoned 
*amongit the heavenly Bodies; and becauſe I was un- 
willing to increaſe the Ditficulty of the Subject I was 
handling, by adding a Thing which requires much At- 
tention, and which is but little underſtood hitherto. But 
now, ſeeing Men have always had a great Curioſity to 
underſtand the Nature of Comets, I think I ought not 
jo far to lay aſide this Matter, as not to fay at leaſt what 
is moſt certainly known about it; leaving it to them 
who ſhall come after, to philoſophiſe in a different Man- 
ner, if any new Obſervations that ſhall at any time be 
made, oblige them to alter our Hypotheſis, or to mend 
our Opinion, 

2. We mean by Comets, certain luminous Bodies, 
which ſometimes appear amongſt the Stars, and ſeem of 
different Magnitudes, ſometimes about the Bigneſs of 
Mars, Fupiter, and Saturn, Their Light is very weak 
and faint, fo that when the Sky is moſt clear, they ap- 
pear no brighter, than Mars, Jupiter, and Saturn do, 
when it is a little Foggy. 

3. The Body of a Comet is uſually attended with cer- 


Rays which tain Rays of Light, which are weaker, the more diſtant 


feem to come i 3 : . \ ; 
ow che Be. they grow, and which always diffuſe themſelves accord- 


dies of Co- ing to a certain Rule, which is well worth obſerving, 


eis. 


viz, If the Comet be very nearly in Oppoſition to the 
Sun, theſe Rays diffuſe themſelves equally all round it, 
and look as if it were ſurrounded with Hair; whereas if 
it be in any other Poſition with reſpect to the Sun, they 
always extend themſelves to that Part of the Heavens 
which is oppoſite to the Sun: Thus if the Sun be Eaſt 
of the Comet, it will dart its Rays towards the Weſt; 
if the Sun be Weſt of it, it will dart its Rays towards the 
Eaſt; and when all its Rays are ſent forth in this man- 
ner towards one Side, they will appear of a great Length, 
ſo as ſometimes to take up almoſt a twelfth Part of the 
whole Compals of the Heavens, 


4. T here 
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4. There is no certain Rule for determining the Times 2. Of the 
when any Comets will appear ; there are ſometimes a — 
great many Years without any appearing, ſometimes more appearing, 
than one appear in leſs than two Months, | 

5. Neither can the Part of the Heavens where they 5. Of «he 
begin firſt to appear, be determined; ſometimes they 12 


are firſt ſeen near the Ecliptick, and at other Times near I. 


the Poles of the World. 


—v— —— — nn * 
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6. Nor can we certainly tell how long they will & % 
continue to be ſeen ; for ſome have appeared only for 
a few Days, whereas others have been ſeen for ſeveral 
Months. - 

7, One principal Circumſtance to be obſerved is, that 7. Hee they 
a little before a Comet ceaſes entirely to be ſeen, we fal. * 
ſee its apparent Magnitude diminiſh gradually every Day,, 
and alſo its Light grows weaker and weaker. 

8. They all ſeem to turn about the Earth every Day 8: 0 the 
from Eaſt to Weſt, and to deſcribe Circles parallel to — 
the Equator very nearly. But beſides this apparent Mo- 
tion, which is common to all the Stars; they have a 
Motion in the Heavens, which is peculiar to them, and 
which has no certain Rule by which it can be deter- 
mined; for ſometimes they move towards the Eaſt, 
ſometimes towards the Weſt, and ſometimes towards 
any other Part. | 

9. The Velocity of this Motion, which is peculiar to 9. fer 
them, is not the ſame in all Comets, but very different % — 
and unequal; for ſome run through more Degrees in a 
great Circle than others do: Likewiſe the Velocity of 


the Motion of the ſame Comet is not the ſame every 
Day; for the Arches which it deſcribes every Day, are 
ſometimes bigger and ſometimes leſs; however, they 
are in ſuch a Manner, that if a great many ſtreight Lines 
be drawn from the Center of the Earth to the ſeveral 
Places where the Comet appears every Day at the ſame 


Hour, they will divide the Tangent which belongs to 

the Place of the Comet's Orb where it moved ſwifteſt, 

into very nearly equal Parts. | 
10. Neither is the Courſe which they take always the 10. Of the 

ſame; ſome of them run through a much greater Part CO * 

of the Heavens than others do; but however different 

a Compaſs in the Heavens they have gone through, 

there have been none, or at leaſt very few, that have 

been obſerved to deſcribe more than half a great Cir- 

cle, that is, to have paſſed through more than half the 

Heavens. 
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11. When a Comet darts its Rays the fame. Way cor th 
that it is carried in the Heavens by its own proper Mo- Tel, 


tion, theſe Rays are called its Beard. On the con. 
trary, when they extend themſelves: to that Part of thei 
Heavens which is contrary to the Direction of its pro 
per Motion, they are called its Tail; and when the 
diffuſe themſelves equally all round it, they are calle 
its Hair, T hus the Comet which appeared lately, about 
the Beginning of the Month of December in the Leu 
1664, in the Southern Part of the World, and on thei 
Eaſt of which the Sun then was ; becauſe it darted its 


becauſ 
meet 
thoſe 

we ca 
tion O 
ACCOTC 


13 

Rays towards the Weſt, the ſame Way that it tendel f my 
by its own proper Motion, was ſaid to be bearded; ¶ halati 
afterwards when it came to be in Oppoſition to th: upper 
Sun, it appeared hairy ; and at laſt the Sun getting were 
Weſt of it, the Rays which extended themſelves to nion 
wards the Eaſt, ſeemed like a Tail. And that Comet Wi one; 
which appeared a little after, in the Northern Part d ſhoul 
the World, on the Eaft of which the Sun then was; Wl © gr 
becauſe it went towards the Eaſt by its own» proper WW appea 
Motion; the Rays which darted towards the Weſt com- WM of th 
. poſed the Tail firſt, which it continued to be ſeen with that 
for ſeveral Days, and then approached nearer the Sun, not a 
which deprived us of the Sight of it, and it has not ap- to tl 
peared ſince. | Opir 
12. In order to explain the Nature of Comets, ſome BW bout 
of the Philoſophers which lived before Ariſtotle, taught, N out t 
that the Heavens contained not only thoſe viſible Stars, Tim 
which Aſtronomers have at all Times endeavoured to BW any 
find out the Motions of; but that they alſo contained WF mets 
an innumerable Company of others, which are ſo ſmall ¶ ſenſi 
by Reaſon of their great Diſtance from the Earth, that 1. 
they cannot be ſeen : They add further, that thele coul. 
{ſmall Stars had a proper Motion of their own accord- Wt ſhey 
ing to all Sorts of Directions imaginable ; and that their WF ſelve 
Periods were finiſhed in very unequal Times. As 2 falſe 
Conſequence of this, they affirmed, that a Comet was BW cien 
nothing elſe but a Heap of theſe ſmall Stars got toge- WF high 
ther; that their Meeting thus in a particular Place in Calc 
the Heavens, was owing to their unequal Motion; that Wl itan 
this Meeting together made them viſible ; and that they ¶ be a 
ceaſed to be ſeen, when they were all ſeparated from WW are | 
each other, by continuing to move on with their par- W cult: 
ticular Directions. But this is not at all likely, and I 
has more of Subtlety than Probability in it; not be- ſoph 
cauſe there are not a ſufficient Number of ſmall Stat \ 


for 
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for this Purpoſe (for there are more to be ſeen through 

a Teleſcope, than would compoſe ſuch a Comet; ) but 

becauſe we cannot conceive how it is poſſible for them to 

meet together in ſuch a manner in one Body, in all 

thoſe Places where Comets appear; and chiefly becauſe 

we can much leſs apprehend the Dependence of the Mo- 

tion of theſe Stars upon the Poſition of the Sun, ſo that 

according to the various Situation thereof, theſe Stars 

ſhould repreſent ſometimes Hair, at other 'T'imes com- 

poſe the Beard, or Tail, of a Comet. | 

13. This Opinion was rejected by Ariſtatle, who af- 13. The O- 
firmed, that Comets were certain Fires cauſed by Ex- 4 | 

Fhalations raiſed out of the Earth, and kindled in the wn to be 

upper Regions of the Air; and he believed that they ale. 

were a great deal lower than the Moon. But this Opi- 

nion has no more Probability in it, than the foregoing 

one ; for beſides that it is very unlikely that the Earth 

ſhould furniſh a ſufficient Quantity of Vapours to feed 

ſo great a Fire all that Time which a Comet ſometimes 

appears; it would follow if this were ſo, that the Light 

Jof this Fire is independent of the Sun, and conſequently 

that a Comet might dart its Rays in ſuch a manner as 

not at all to depend upon the Situation it has with reſpect 


b. to the Sun. But that which entirely overthrows this 
Opinion of Ariſtotle is, that Aſtronomers who lived a- 
me bout two hundred Years ago, and where deſirous to find 


out the Diſtance of the Comets, which appeared in their 

Time, from the Earth, could not obſerve that they had 

any ſenſible Parallax at all ; which could not be, if Co- 

el WF mets were nearer us than the Moon, for the Moon has a 

all WF ſenfible Parallax. 

nat 14. We may obſerve, that theſe Aſtronomers who 14. There 
cle WF could not find any Parallax in the Comets, (which 6 perry, 
rd. ſhews that they are at a vaſt Diſtance) contented them- Comers are 
er WF {elves with only ſhewing, that Ari/totle's Opinion was nearer than 
3 2 BY falſe, who placed them in the Air: And it was ſuffi- 3 
vas cient for this Purpoſe, to make it appear that they were 

ge. higher than the Moon. But by their Obſervations and 

in Calculations, we may collect that they are further di- 

hat ſtant from the Earth than Saturn; wherefore if there can 

cf WW be any other Arguments brought to convince us that they 
om are beyond this Planet, we ought not to make any Difh- 
ar. culty in placing them beyond him. 


and 15. Ani this is indeed done by a late eminent Philo- 15. 4 nw 
be. ſopher, who is the firſt that has explained the Nature — 

„ Vos. U. F 2 0 Nas 
or | 


of Gomets, 


We. 
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of the heavenly Bodies, in that excellent Book which 
he has wrote concerning the Principles of Philoſophy : 
For he being aſſured that there are a great Number of 
fixed Stars, beſides thoſe that can be diſcovered by us; 
and thinking that ſome of theſe might quit the Place 
of the Heavens they were in (as well as ſome of them 


which were ſeen by the Ancients, but cannot be ſeen 
now, have probably quitted theirs ;) he conjeQtures, 
that what we call a Comet, is nothing elſe but one off 
thoſe Stars, which, being by Degrees covered with Spots 


all over, ſo as entirely to loſe its Light, could no longer 
keep its Place amongſt the other Stars, but was carried 
away by one of their Vortexes, which impreſſed a Mo- 
tion upon it proportionable to its Bigneſs, and Solidity, 
by which means it may come very near the Heaven of 
Saturn, where the Light which it receives from the Sun 
may make it viſible. 
— 2 = 16. As to the Rays which ſeem to compoſe the 
Apprarance Beard, Tail, or Hair of a Comet; we ought not to 
of the Beard, think that they are cauſed by any particular matter 
ne. which attends the Body of the Comet ; becauſe we 
5s net in the cannot ſee how the Pofition of this matter and the 
Place where Poſition of the Sun can be in ſuch a manner adjuſted 
N to each other; and becauſe of the prodigious Diſtance 
a Comet taking up ſometimes a twelfth Part of the 
whole Compaſs of the Heavens ; ) both which make 
it very difficult to comprehend how ſuch matter ſhould 
always accompany the Body of a Comet; 
T7. That the 17, Neither are we to think, that the Appearance of 
_ e theſe Rays depends upon a Cauſe like that which make 
wobich cauſe; US Tee Rays of Light about a Candle when we look up- 
Rays te be on it winking our Eyes; for theſe ceaſe entirely to ap- 
ſeen aveut par, if we place an opake Body between our Eye and 


GT the Candle ſo as wholly to cover the Flame of it; 
whereas, if the Body of the Comet be wholly covered, 
we ſhall yet ſee the Beard, Tail, or Hair. 

13. Thatthe 18. But our Opinion of this Phenzmenen is, that it 1s 


Beard, Tail. cauſed by the Rays of Light reflected from the Body of 
gorge the Comet, which being refracted in the intermediate 


ſeen by Re. Space, are ſo received by the Eye, as if they came from 


rad. thoſe Places in the Heavens, where we fee the Hair, 
19. That this 


reno Corjec. Beard, or Tail of the Comet. | 
19. I could eaſily ſhew that this Conjecture agrees 
earns 2 perfectly well with all the Phænomena of Comets; 


of the Co. both with regard to the Inequality of their Appearances, 
| | | Motions, 


ſure aprees 


N. 


which this matter muſt extend itſelf to, (the Tail d 1 


- — — — ae 


— 
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| Motions, Duration and apparent Magnitudes ; and with 


d to the Diverſity of Rays with which they are 


| attended : But becauſe all theſe Things are 1 41 
| well handled in the fore- mentioned Book; and becauſe 
| ſuch an Undertaking would carry me too far out of 


| my Way, I ſhall ſay no more; nor will I examine now 


whether it be true, that the Appearance of a Comet pre- 
ſages any Calamity ; for the Solution of this Difficulty, 


if it be one, may be deduced from what I ſhall ſay in 


the following Chapter concerning the Influences of the 


Stars (1). 


(1) Becauſe Comets are but ſeldom 
ſeen, and there Nature, Motion, Di- 


| tance, Tails, Cc. have been but of 
| late Years accurately obſerved ; I will 
| here give you the principal Phæno- 
| mena, by which all Hypotheſes ought 
to be tryed and examined. | 


Fin then, the Comets which 


| move forward according to the Order 


of the Signs, are allof them a little 
flower than uſual or retrograde, be- 
fore they diſappear, if the Earth be 
betwixt them and the Sun; or elſe 
they are quicker than ordinary, if the 
Earth be on the oppoſite Side : And 
on the other Hand; thoſe which go 
contrary to the Order of the Signs, 
are quicker than uſual, if the Earth 
be betwixt them and the Sun; or 
flower than uſual, or elſe retrograde, 
if the Earth is on the oppoſite Side, 

2. So long as they move very quick, 
they go almoſt in great Circles, but 
at the End of their Courſe they de- 
viate from theſe Circles, and when- 
ever the Earth moves one Way, they 
go the contrary. 

3. They move in Ellipſes, whoſe 
Focus's are in the Center of the Sun, 
and if Rays be drawn from them to 
the Sun, they deſcribe Areas propor- 
tionable to the Times. 

4. The Light of their Head in- 
creaſes as they go from the Earth to- 
wards the Sun, and decreaſes as they 
come from the Sun towards the 
Earth. 

5. Their Tails appear largeſt and 
brighteſt immediately after they have 
paſſed by the Sun. 

6. Their Tails are not directly 
oppoſite to the Sun, but always de- 
cline towards thoſe Parts where their 
Heads were before as they moved 
along in their Orbs. 

7. And this Deviation is, caterit 


paribus, leſs when their Heads ap- 
proach near the Sun, and leſs to- 
wards the Head of the Comet, than 
towards the Extremity of the Tail. 

8. TheTails are ſomewhat bright- 
er, and terminated more diſtinaly 
on the convex than on the concave 
Side. 

9. The Tails always appear broad - 
er towards the further End of them, 
than they do towards the Head of the 
Comet. 

10. The Tails are tranſparent, and 
the ſmalleſt Stars may be ſeen thro® 
them. 

Theſe are the principal Phænome- 
na of Comets; and it is eaſy to ſee 
how little they agree with the weak 
Conjectures of the Ancients, and the 
not very lucky Ones of the greateſt 
part of the modern Philoſophers ; 
not to take Notice of theſe therefore, 
I ſhall briefly explain what ſeems to 
come neareſt to the Truth. There 
were ſome amongſt the Ancients (as 
Pliny tells us, Book H. Chap. 25.) 
© who thought that theſe Stars were 
c perpetual and came round in their 
Orbits, but could not be ſeen unleſs 
© they were within reach of the Sun.” 
But Seneca is clearer, I cannot 
* ſays be, (Nat. Queſt. Book VII.) 
© agree to the common Opinion 
© for I don't think that a Comet is 
© a ſudden Fire, but one of the laſting 
© Works of Nature,—And why 
© ſhould we wonder that Comete, 
© which are Sights ſo ſeldom to be 
© ſeen in the World, ſhould move by 
© Laws as yet to us uncertain, and 
© their beginnings and ending3 be hi- 
© therto unknown, whentheir Returns 
© are at ſuch great Diſtances ? The 
« Time will come, when the Dili- 
6 geace of future Ages will bring to 
Light what now lies hid,—The 
6h F 3 Time 


— 
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6 Time will come when Poſterity 
will wonder that we were ignorant 
© of ſuch plain Things. dome 
© body will demonſtrate at one Time 
6 or other, the Ways in which tne 
© Comets wander, and ſhew why 
£ they move (© different y from the 
© reſt, and what ſort of Things and 
© how big they are. 

This, the famous Sir Iſaac Nexwton 
has done in our Days, whole Opin - 
on is, in ſhort this: Comets are ſo- 

lid, compact, fixed 
Tab. XVIII. and laſting Bodies, 
Fig. 3» in a Word, a fort of 

Planets which move 
with an oblique D-termination all 
ways very freely, and continue in 
Motion a very great wh e, contrary 
to the Courſe of the Planets. Their 
Tail is a very thin Vapour, which 
the Head of the Comet ſends forth 
when it is heated by the Sun. 

This being ſuppoſed, It is evident 
firſt, That the Comets which move 
forward according to the Order of the 
Signs, ought to appear to move ſlower 
#ban uſual, or to be retrograde, if the 
Earth be betwwixt them and tbe Sun : 


And on the contrary, th:ſe awhich go 


contrary to the Order of the Signs, &c. 
Becauſe, as they do not wander about 
amongſt the fixed Stars, bat only a- 
mongſt the Planets, ſo they, like the 
Plinets, according as the Motion of 
the Earth conſpires with or is con- 
trary to theirs ; muſt ſeem, ſometimes 
to move quicker, ſometimes ſlower, 
and ſome times to be retr grade. 

2. Comets, ſo lrg as they move 
quicker muſ go almoſt in great Circles, 
but in the End of their Courſe, they 
ought to dewiate, &c. Becauſe, at 
the End of their Courſe, when they 
go almeſt directly from the Earth, 
that Part of their apparent Motion 
which ariſes from the Parallax, bears 
a greater Proportion to the whole ap- 
parent Motion. 

3- Comets cught to move in EVijſes, 
wh'ſe Focus are in the Center «of the 
Sun, &c. Becauſe they do not wander 
with an uncertain Motica out of 


Part l 


one fictitious Vortex into anothe; 
but as they belong to the Region g 
the Sun, they move round in an Oz 
with a conſtant and regular Motion, 
4. The Light of tbeir Head. ugh 
to increaſe as they go from the Ean 
towards the Sun,&c. Becauſe, as tha 
move about amongſt the Planet, 
their Approach to the Sun, muſt ben 
a very great Proportion to the 
whole Diſtance. | 
5. {ber Iails cught to appear largyff 
and brighteſt, immediately after 14959 
have paſſed by the Sun. Becauſe thallf 
Heads being then moſt heated, ſeu 
forth a great many Vapours 
6. Their Tails ought net to be d. 
reftly at piſite to the Sun, but atkwa 
to decline towards thoſe Parts, when 
tbeir Heags wwere before, as they move 
along in their Orbs, Becouſe al 
Smoak or Vapours emitted from if 
Body in Motion aſcends upwards ob. 
Iique'y, always receding from that 
Part where the ſmcaking Body goes 
7. This Deviation aug bt to be lij 
near the Head of a Comet and whin 
the Comet myws: near the Sun, Becaut 
the Vapour aſcends quicker near the 
Head of the Come, than st the 
further End of the Tail; and ſo it don 
likewiſe, when the C: met is nearer 
the Sun, than when it is further afl. 
8. The Tails ought to be ſome abb 
brighter ard more diſtin#ly terminate 
on the Convex than on the concau Side, 
Becauſe the Vapour on the conver 
Part, which goes firſt, being a little 
freſher and denſer, reflects Light 
more copicuſly. 
9. The Tails ought to appear broader 
towards ihe further End than towards 
the Head of a Comet Becauſe Vapour 
in free and open Space, js continually 
rarified and dilated» 
10. The 1ails ought to be tranſpa. 
rent, and the ſmalleſt Stars ſeen thri 
them, Recaiiſe the Vapour they conſiſ 
of is exceeding thin. 
You may ſee more in the famous 
Sir Iſaac Newton's Principles, Bui 
III. from Prop. 39. Lem. 4. to it 
End, : ; 


CHAP, 
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C H A P. XXVII. 


Of the Influences of the STARS , and of judicial 
Aſtrology. 


JT is a common Enquiry, whether any Influences 7: Pat ie 
L ought to be allowed to the Stars; the meaning of 5 
which Enquiry is, to be ſatisfied whether the Stars act the Stari. 
in ſuch a manner, as to be the Cauſe of or at leaſt to 
contribute towards thoſe Effects which we ſee produced 
on the Earth. : ES is + 

2. That the Sun contributes to them, cannot be 2-Thz there 
doubted ; becauſe we may affirm that to be the ſole, a agg ay 
at leaſt the principal Cauſe of all the Effects pro- Influence of 
duced in it; for the Increaſing of Plants, the Flouriſh- che Sun. 
ing of Corn, the Fruit coming to Perfection, ought all 
to be aſcribed to the Light or rather to the Heat of the 
Sun. | 

3. The Query is only about the other»Stars therefore. 3: 794! the 
And becauſe we feel the Light of them, that is an un- — 3 
doubted Proof, that they have a Power to ſhake the alivwed ſome 
ſmall Fibres of the optick Nerves; and becauſe there is — 
Matter in the Air, Water and Earth, which is finer and 
caſier to be put in Motion than theſe Fibres, it muſt be 
granted, that they cannot but agitate and move it; and 
the Particles thereof, by moving afterwards more groſs 
matter, may produce ſenſible Effects; ſo that it is in 
ſome Senſe true, that the Stars may be the Cauſe of 
theſe Effects. | 

4. But becauſe we do not own any other Virtue to 4. Thar the 
be in them by which they can act here below, but that pe of 
of the Light which comes from them to us, we can- wry incen- 
not allow them any further Power or Virtue in thoſe #4rabl- 
Effects produced upon the Earth, but in Proportion to 25 7575 of 
their Light: And becauſe the Light of the Sun alone is the Sun: 
infinitely greater than that of all the Stars put together, 
we ought to look upon that as the Cauſe of all theſe 
Effects. And if we do not always experience the ſame 
Conſtitution of Air, whenever the Sun ſends forth his 
Rays in the ſame Manner upon the Earth, we muſt not 
ſeek for the Cauſe hereof in the Stars, but look upon 


it as the Effect of the preſent Diſpoſition of the Air or 


the Earth, 


„ 5. I am 
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5. Whence 


IRE 5. I am perſuaded that the ancient Philoſophers, had 
— = no other Notions of the Influences of the Stars but ſuch 

about the as theſe : But becauſe the Egyptians, who were ve 
_— good Aſtronomers, thought fit to diſtinguiſh divers Days 
85 of the Solar Vear, by the different fixed Stars, which 
riſe immediately after Sun- ſet, and took Care to give 
Notice to the People of the Temperature of the Air 
which they obſerved in certain Seaſons, and of what 
was proper for them to do in Agriculture, when certain 
Stars riſe after Sun- ſet; they took that for the Cauſe, 
which was intended only for the Sign : And hence came 
the Notion of moiſt Stars whoſe Riſing produced Rain, 
of others that cauſed Drought ; of ſome that made Plants 
to grow, and of others which had a particular Dominion 
over certain Animals, | 
e ** 6. The Experience we have of the Temperature of 
of Efficacy the Air being not always the ſame every Year, though the 
bas wy ſame fixed Stars never fail to riſe when the Sun ſet, is 
. enough to undeceive thoſe who affirm that all Things 
here below depend upon the Stars: But becauſe the Planets 
alter their Situation in the Heavens every Year ; under 
this Pretence they have excuſed their Miſtake, and taken 
Occaſion from hence to aſcribe to the Riſing of the 
Planets, or to their different Sitvation in the Heavens, 
all thoſe powerful Efficacies which they before aſcribed to 

the fixed Stars. 


7. T R 7. And as the Vanity of Men's Minds is always in- 
— creaſing; after they had once ſuffered themſelves to be 


prejudiced with this falſe Notion of the Virtue and Ef- 
ficacy of the Planets ; knowing that: they could be cer- 
tain of the Situation of the Planets for the Time to 
come, by Aſtronomical Calculation; they puffed them- 
ſelves up with the Invention of an Art, which could fore- 
tel Things to come ; as Rain, fair Weather, Wind, 
Thunder, Tempeſts, Plenty, Famine, War, and ſuch 
like Things. This Art is what they call Judicial 
Aftralogy, which ſome boaſt themſelves Maſters of, 
and are got to ſuch a pitch of Vanity as to promiſe to 
predict the moſt particular Actions and Fortunes of 
Perſons, 
;. That thi; 8. In order to avoid being deceived by ſuch vain Pro- 
Afrrology miles as theſe ; we ought to conſider in the firſt Place, 
_—_ ” that this Aſtrology hath no Foundation; and that it can- 
—Q proved by any Reaſon, that any ſuch Powers are 
in the Stars, as Aſtrologers aſcribe to them, 


9. Secondly, 


Chap. 27. of NaTuvrAL PnrLosorny. 39 
9. Secondly, It is certain, that they have not even Ex- 9. That 
perience on their Side, which however they appeal to, —- A 
and upon which they build their Art: For, as it would even Exped 
be ridiculous to affirm, that Experience ſhews us, that 7e*ce an 

Sicrates's going out of Town, produced Thunder, be- 9 
cauſe it was obſerved to thunder once, at the Moment 
that this Philoſopher was got into the Road to go into 
the Country: So likewiſe is it ridiculous to affirm, that 
we have the Experience, that ſuch a particular Conſti- 
tution of the Stars, produced, for Example, the Sick- 
neſs of a Prince, becauſe it was once oblerved, that a 
Prince was ſick, when they were in ſuch a Diſpoſition, 
And indeed, fo far are Aſtrologers from having many 
Times obſerved, what the Diſpoſition, which the Stars 


© will be in to Morrow in the Heavens, is capable of 


producing; that ſtrictly ſpeaking, we may affirm, that 
they have not the leaſt Obſervation. at all ; becauſe it 
will take up ſeveral thouſand Years before ſuch a Con- 
ſtitution of the Stars as we have obſerved can happen 
twice. So that we may affirm, that ſuch a Conſtitution 
in the Heavens as will be to Morrow, has not yet been 
ſeen ſince the Creation of the World. > 764 
10. We may add to this; that if we allow Aftrolo- 10. Thar 


gers to have made ſome Obſervations of what has hap- — ar 4 


| pened in former Ages, under certain Poſitions of the come: to poſs 


Stars; yet they would be of no uſe, but in the Countries in ene Coune 
where they were made; for it is certain, that whatever . mm _ 
the Diſpoſition of the Heavens be, the ſame Clearneſs rain of what 
or the ſame Tempeſt does not reach over the whole Su- #5 dene in 
perficies of the Earth, but many Times, it rains very OR 
hard in one Country for a great Part of the Year, when 

in another Country not far off, it is very dry. 

11, Further; Tn forbear taking Notice here, 11. The 
of the vain Credulity, or rather the fooliſh Error of le guete. 
moſt Europeans, about the Star called the Dog ; who ans concern- 
believe it to be of a hot Nature, and that it is the Cauſe ng che Dog- 
of the Heat, that commonly happens about the Time 
that it riſes when the Sun riſes, and which is called the 
Dog-Days. For the People that live in the Southern 
Parts of the Earth, and over whoſe Zenith this Star 
paſſes, have much greater Reaſon to believe that it is 
of a cold Nature, becauſe at the ſame Time when this 
dtar riſes with the Sun, which is the Seaſon wherein we 
oiten feel the greateſt Heat, they find the greateſt Cold, 
and are in the Depth of Winter, 


12, Perhaps, 


FS > ors Hp te a= ve 1 
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12. Perhaps it may here be ſaid, that Aſtrologers do 
ſometimes hit upon the Truth ; which I do indeed al- 
low : But this does not at all eſtabliſh their Science ; be- 
ſometimes cauſe there is no Perſon, be he never ſo ignorant, but 
ray Lark if he undertook to foretel Things to come, he would by 
chance hit upon ſome Things that come to paſs, as 
well as upon ſome that did not, in the ſame manner az 

the greateſt Aſtrologers in the World. 
22- Of of- 13 Not to inſiſt any longer upon this Subject, which 
feats faiſely does not deſerve to have any more ſaid of it, and which 
_—_ is not worth being ſeriouſly treated by any Philoſopher ; 
I1ͤ¼ ä ſhall ſpeak only one Word more about ſome falſe 
Opinions, which have been received by the Credulity 
of Men, and which Aſtrologers endeavour to confirm 
and turn to their own Advantage, Thus, it is gene- 
rally thought that the Moon has a particular Virtue to 
corrode Stones; that the Bones of Animals are full of 
Marrow upon the Increaſe of the Moon, and have none 
in them but are full of Blood in its Wane; (1) and 
that Lobſters and Oyſters and a great many other Fiſh, 
are fuller towards the new and full Moon, than at the 
Quadratures. | | 
14. The 14. As to the Eating away of Stones, the Moon is 
Hops why wrongfully accuſed hereof, becauſe it never ſends forth 
fone „ ze its Rays to any Places but where thoſe of the Sun go 
eaten away. alſo ; ſo that it ſeems to me more reaſonable to make 
| the Sun the Cauſe of theſe Effects than the Moon; 
For it is highly credible, that in a Number of Years 
ſome Stones may be calcined by the Heat of the Sun, as 
they are by the Flame of a Candle in a few Hours, Af, 
ter which it is not at all ſurpriſing, that the Moiſture of 
the Air ſhould reduce Stones to Powder, as we ſee it 

does Lime. 


12 That the 
Prediction: 
of Aftrols - 
gers may 


(1) And that Lebſters and Opfters, 
c) Pliny, Book II. Chap. 41. 
And inderd the Bodies of Oyſters, and 


| all otber bell Fiſh, increaſe and a- 


gain dininiſh by the Puxver of the 
Moon And Chap 99. It 1s this 
(ebe Moon) which replenifhes the 
Earth, filling Bidies as it approaches 
near, and emptying them as it goes 
farther ; and therefore Sbell- Fiſh 
increaſe as that increaſes, &c. You 
may find more of this in Plutarch's 
Entertaining Problem:, Book III. 
Prob. 10. Vby the Moon bas more 


Porver to corrupt Fliſp than the Sun 
and in Macrobius, Bork VII. Chaps 
16. But as to the rea! Power of 
the Moon ; fince it is evident, that 
it cauſes a greater F/ux and Reflux 
in the Air than in the Sea, it muſt 
neceſſarily produce ſome Alterations 
in the Temperature of the Heavens, 
and thi; may make ſome Alteration 
in the Bodies of Animals. But as 
to any other Effects commonly aſcti- 
bed to the Moon and Planets, be- 
yond what are owing to theſe Cauſes, 
they are mere Trifles. 
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15. It is alſo a great Miſtake to think that the Bones 15. Thar the 
of Animals are full of Marrow at ſome particular Sea- ar 9 2 
ſons of the Moon, and empty at others; for I am ſure ne full of 
from above five and twenty Years Obſervation, that in Harrow ar 
all Quarters of the Moon, we may find ſome Bones full 3 
of Marrow, and others empty; ſo that this Difference tb. 2 
depends upon ſome other Cauſe. And it is very proba- 7 2 Hees; 
ble, that the want of Marrow in ſome Animals pro- ;;, Dif 
ceeds from their not having ſufficient Nouriſhment, or rence pro- 
from the Fatigues which ſuch Animals undergo, For I ceadi. 
have taken Notice, that there was no Marrow at all to 
be found in the Bones of Sheep which were killed im- 
mediately after they were brought to Paris from Provin- 
ces a great Way off; whereas there is a great deal to be 
found in the Bones of thoſe who have reſted ſome Time 
in the Folds that are in the Suburbs of this City, where 
care was taken to feed them. : 

16. The Notion, that Lobſters and Oyſters and other 16. Thar the 
Fiſh, are fuller, or not ſo lean, in ſome Quarters of 2 of 
the Moon as in others, is alſo falſe, and contrary to all Laer 


| IG growing full 
Experience: And this Error has crept in, like -moſt o- andempey 


thers, by raſhly taking that for the Cauſe of an Effect, % to 

which really is not, but is only mere Chance and Ha- ebe . 

zard; and there is no Perſon who has taken ever ſo lit- 5 fa/ſe, 

tle Notice, but has a hundred Times in his Life, expe- 

rienced the contrary to this and a great many ſuch like 

vulgar Opinions. 1 2 a | 
17. But if Fiſh be obſerved leaner at ſome particular ,,, i 

Times than at others, it may proceed from hence; that Fi frint 

they have not met with ſo much Nouriſhment, or that e pare 


ticular 


they have been put into too violent a Motion, and fret- ines. 


ted either from the extraordinary Agitation of the Wa- 


ter, or by contending with each other: And this will 
appear highly probable to any one who knows, that the 
Fiſh taken in the Sea near Calais, where the Water is 
very rough, are commonly leaner than thoſe taken near 
Bolagn, where the Sea is tiller: And indeed amongſt 
the ſame Kind of Fiſh, taken at the fame Time, and 
in the ſame Place, thoſe which are catched in Nets let 
down into the Sea and drawn up again immediately, are 
plumper and fuller than thoſe which are catched in Nets 
upon the Shallows, where they lie fretting themſelves 
for five or ſix Hours till the Tide goes back. 


CHAP, 
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CHAP: . 


Of Gravity and Levity. 


LE / I T has been always obſerved, that there are ſome Þ 
the Names Bodies which if they be not ſupported in the Air, 
f 2 will deſcend, and move towards the Center of the Earth; 
ariſe, and that there are others, which, if at Liberty, will aſ- 
| cend and move from the Center; and tho? the Principles 
of theſe Motions were not known, yet this did not hin- 

der but that Names were given to them, the one being 

W called Gravity, and the other Levity ; But it is the Bu- 
= | ſineſs of a Philoſopher to enquire into the Nature of theſe 
458 Things, and to explain what is meant by theſe Words, 

| 2. Some have aſſerted, amongſt whom Ariſtotle was 


BY 2. Ariſto - | : . : 

Wo die's Opinion One, that thoſe Bodies which we ſee deſcending, moved | 
1 about 8 themſelves in ſuch a manner, by a particular Inclination 
1 wity a 


5 — which was in them to go towards the Center of the 
#1 Earth, which was looked upon to be the Center of the 
Univerſe alſo. So likewiſe they aſſerted that the Bodies 
| which we fee aſcend, had a contrary Inclination by 
1 which they moved from the Center. 

Wil 3. The Opi- 3. Others thought it ſuperfluous to admit two Sorts 
1 vien of ſome of Inclinations in Bodies, and therefore they contended, 
* F wing ble that it is more reaſonable to aſſert ; that all Bodies have 
nl but one Inclination only, which makes them tend to 
„ the Center of the Univerſe; But ſome being carried 
1 with greater Force than others, the latter are obliged to 
. | remove further off, which makes them ſeem to be light. 
; | According to this Opinion, we ought to ſay, that Flame 
Ws is heavy, and that when we ſee it aſcend, the Reaſon 
1 is, becauſe the Air in which it is, is heavier than it; in 
us the ſame manner as we ſay the Cork riſes in the Wa- 
ter, becauſe Water is heavier than Cork. 


1 | _ 4. To theſe two Opinions we may add a third, vix. th 

8 4.+ A third h . , . . odi 

8 Opini;n, that there is but one Inclination only in all the Bodies co 
1 which ſurround us, and that is to aſcend; and that C 
W | this Inclination is greater in the Fire, than in the Air, and ve 


that it is greater in the Air than in the Water, and that it th 
is leaſt of all in the Earth: According to this Opinion; W re 
when a Stone deſcends in the Air or in the Water, we th 
ought to ſay, that it proceeds from hence; that it was WF Se 
compelled by theſe two other Bodies, which having more hz 
Force than it to recede from the Center of the ww to 


than others; we may conclude that they do all of them 
really endeavour to recede from the Center about which 
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thruſt it that Way, and made it tend toward their 
Center. 


5. As the two laſt Opinions are ſomewhat more ſim- 75 _ 
ple than the firſt, becauſe they ſuppoſe but one Inclina- "+ 1» xo 
tion only in Bodies, 2 ſhould ſeem to be the moſt eqzally 
probable : But this ſmall Advantage is not enough for F. 
us to prefer them to the former; and to ſay the Truth, 
none of the Three are ſatisfactory; For if by the Word, 
Inclination, we underſtand any inward Senſation, or any 
particular Sort of Thought; I can't think that it can 
without Abſurdity be aſcribed to mere material Beings, 
ſuch as Stones are. And if by this Word be meant only 
in general, a Cauſe, whatever it be, which produces 
theſe Motions by which Bodies are carried upwards and 
downwards, then it is only a mere Sophiſm ; becauſe it 
is faying nothing, but only purely giving the Name In- 
clination to ſomething we know not what. 

6. It is to be obſerved, that it is without any Reaſon 6. r 
that they who defend theſe Opinions aſſert, that the e is 40 
Center of the Earth is the Center of the World : For it — 1 
is certain that we muſt know the Extremities before we char be 
can know the Center which is equally diſtant from them; g tend 
but who can pretend to know the Extremities of the of theWorld, 
Univerſe ; And if we mean to ſpeak only of the viſible 
World, what we have before eſtabliſhed, is ſufficient to 
convince us, that its Center is rather in the Sun than in 
the Earth, 

7. In order to underſtand then more clearly and more 7. hat 
diſtinctly, what the Gravity and Levity of Bodies conſiſt _—_— _ 
in, and not to content ourſelves with Words which we j# 45 
underſtand not the Meaning of; we muſt call to Mind 
that Rule which we formerly laid down, and which we 
ſaid was one of the principal Laws of Nature. viz. 

That the Parts of any whole which turns about its own 
Center, have a Tendency to recede from it, which Ten- 
dency is greater in theſe Parts which have more Motion 
than in thoſe which have leſs, Now ſince the Maſs 
compoſed of Earth, Water and Air, turns about its 
Center ; and it being certain that there is in this Maſs a 


very great Number of Parts, which have more Motion 


they are turned, and therefore they may all in ſome 


Senſe be ſaid to be light; but becauſe the Parts which 


have leaft Force to recede, are puſhed with Violence 
towards the Center, by thoſe Parts Which have more 
| | Force, 


2 marry Sor png 


w—_— 2 


J4+ 


8. A nota- 
ble Expert- 
ment to ſpew 
that a Bo- 

dy in moving 


round, tends 


to go off 


from the 


Center, 


9. That 


Gravity is 
only leſs Le- 


wity, and 
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Force, this is the Reaſon why we find them to be 
heavy. 

8. This is confirmed by a very remarkable Experi- 
ment which we are obliged to Mr. Hugens for ; He 
took an earthen Veſſel which was white and round, 
about feven or eight Inches in Diameter, «flat at the 
Bottom, and the Sides about three Inches high, and fil- 
led it with Water; then putting into it ſome beaten 
Spaniſh Wax, whoſe Weight made it fink to the Bot- 


tom, and whoſe red Colour made it very viſible upon 


the white Bottom, he covered the Veſſel with a Plate | 


of very tranſparent Glaſs, and ſealed up the Edge 19 
that nothing could get out; having done this, he faſtened 
the Veſſel on an Engine or Pivett, ſo that he could 
turn it about and ftop it at Pleaſure, While the Vel- 
ſel was turning round in this manner, the Wax Pow- 
der which was at the Bottom of the Veſſel could not 
lip upon it ſo readily as the Water, but ſtuck a little 
to it, and therefore was more eaſily carried about; by 
this Means it acquired more Motion in turning round 
than the Water, and conſequently was forced to re- 
move from the Center, and to ſpread it ſelf, and get all 
round the Sides of the Veſſel ; he then ſtopped the Mo- 
tion of the Engine on a ſudden, and the Veſſel which 
was fixed to it conſequently ſtopped alſo ; whereupon 
the Spaniſh Wax grating againſt the Bottom, and its Par- 
ticles being rugged, did not move ſo quick as the Wa- 
ter whoſe Motion could not ſlacken fo faſt, becauſe it 
can ealily ſlide over the Body it moves upon. He ſhews 
us that at this Inſtant of Time, the Water reſembles 
the Fluid Matter which ſurrounds the Earth, and the 
Powder of Spaniſh Wax reſembles Pieces of the Earth 
which we ſee deſcend in the Air ; for the Powder was 
then forced to approach to the Center of its Motion, 
being driven thither by the Particles of the Water which 
endeavoured to recede with greater Force than the 
Powder which gathered into a little round Body in the 
Center like the Earth. 

9. By this Experiment we ſee clearly that Gravity is, 
properly ſpeaking, nothing elſe but leſs Levity; and 
though it follows from hence, that the Bodies which 


that the De- deſcend have no Diſpoſition in themſelves to deſcend ; 


feent of bea- 
zy things 

ought to be 
looked upon 
«1 natural, 


yet this Motion ought however to be called Natural, 


becauſe it is the Reſult of the eſtabliſhed Order of 


Nature, 


10, Now 


JW 


2. *. Hs Be 0 & £4 a7 5. WY © > 1 
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16: Now that there are ſome Parts of the Maſs com- 10. Thar rhe 
poſed of Earth, Water, and Air, which have more A4. -—onjal 
Motion than others, may be collected from hence; that c:mp yes ebe 
the Earth is not turned about its Center in twenty-four Cart bas a 
Hours by its own Force, but is carried by the Current 55 "ala 
of a fluid Matter which ſurrounds it, and which pene= pam the 
trates all its Parts: For this Matter, by Reaſon of its —＋ then 
Fluidity has more Motion than is requiſite to revolve ;;; 33 
along with the Earth in twenty-four Hours; ſo that 
its Parts employ the reſt of their Force either to turn 
themſelves round ſwifter than the Earth the ſame Way, 
or elſe to move themſelves in an infinite Variety of dif- 
ferent Ways: And becauſe the World is full, and it is 
with ſome Difficulty that they get out of the Place they 
are once in; therefore moſt of them muſt neceſſarily be 
determined to turn round in an innumerable Company of 
ſphærical Superficies concentrick to the Earth: And here- 
in conſiſts the ſuperiour Force of this fluid Matter above 
other terreſtrial Parts, to recede from the Center of the 
Earth. 

11, When I am here ſpeaking of the fluid Matter 11. Thar 
which incompaſſes the Earth, I mean chiefly the Mat- my __ 
ter of the firſt and ſecond Element, which is in the Air, cipall 2 the 
or in the Water; becauſe this Matter has the moſt Mo- Matrer of 
tion, and the Parts of Water or Air compared with this 2 
may be looked upon as terreſtrial Parts, they are ſo very nent. 
much groſſer, and ſo little agitated ; for though theſe 
Parts ſwim in that Matter, yet the contrary Impreſſi- 
ons which they perpetually meet with from it, hinder 
them from acquiring any very rapid Motion, which 
might continue for a long Time, 

12, Now in order to underſtand more clearly what . 7: what 
the Action of the fluid Matter is, take a View of the fol- Caſe tbr. 
lowing Figure, in which the Circle ABCD repreſents /*<* ps 
the Maſs compoſed of Earth, Water, and Air, whoſe fe. 
Center is E; and the little Circle FGHI repreſents Tab XIV. 
the Earth, Let us imagine in our Minds, that this Maſs Fs. 4. 


is divided into a great many Pyramids whoſe Vortexes 


| meet at the Center of the Earth, one of which is here re- 


preſented by AEB; this being ſuppoſed, we are ſure in 
the firſt Place, that though the difterent Parts which com- 
poſe each Pyramid, have a Tendency to recede from the 
Center E, yet they cannot recede all at once, becauſe 


there is no void Space round about this Maſs which they 


compoſe, and the Matter which is about them, hinders 


them 
2 k 
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them from moving out of their Places. We are certain 
likewiſe, that a ſingle Pyramid, ſuch as AEB, cannot 
retire whole from the Center, by ſpreading it ſelf and 
growing bigger at the Extremity AB, and ſo forcing 
the Matter on each Side to approach towards the Cen- 


ter, becauſe the Matter of the other Pyramids by which 


T3. A par- 
ticular Ex- 
plication of 
the Gravity 
of a Body, 


Sir Iſaac Newton has purſued this 


this is ſurrounded, have an equal Tendency and the 


ſame Force to recede from the Center likewiſe as the £ 


Pyramid AEB, at leaſt, if we ſuppoſe the terreſtrial } 


Matter which is in each Pyramid, to be already as near 
the Center as it can be, e 

13. But if we ſuppoſe that there is a Terreſtrial Body, 
ſuch as L, in the Pyramid AEB, and none in the 
other Pyramids about it; it is eaſy to ſee that this Py- 
ramid muſt have ſo much leſs Power to remove from 


the Center, than any of thoſe which ſurround it, as the 


Body L has leſs than the Quantity of Fluid had, whoſe 
Place it poſſeſſes; from whence it will follow, that 
the Matter of ſome of the Pyramids will recede from 
the Center, and (1) force the Body L to approach to- 
wards the Center, in the fame Manner as they who 
affirm all Bodies to be heavy, ſay that the Water forces 
Cork to riſe up. 


14. The 


(t) Force the Brody to approach 
towards the Center, &c.) This was 
a very ingenious Hypotheſis, and 1o 
long as the World was thought to 
be full, a very probable one. But 
fince it has been made appear by a 
great many very exact Obſervations of 
modern Philoſophers, that the World 
is not full; and that Gravity is the 
moſt antient and moſt univerſal 
Property of Matter, and the princi- 
pal of all in maintaining and keep» 
ing together the whole Univerſe; 
we muſt proceed in another Methed, 
and find out another Theory of Gra- 
vity. To be fort, the celebrated 


Every ſingle Particle of all Bodies 
whatever, grawvitates to every fingl: 
Particle of all Bodies whatſoever ; 
that is, they are impelled towards 
each other by Gravity, See the Notet 
on Part I. Chap. xi. Art. 15 

This gravitating Force is Univer- 
ſal as to the Extent of it ; that is, all 
Bodies whatſoever, ſo far as ve 
know, where ever they are placed, 
not only on the Earth, but alſo in the 


Planets, in the Sun or any other 
Place, are endued with this Power. 

This Force is alſo univerſal as 10 
the Kinds of Bodies; that is, all 
Bodies , whatever their Figure, Form 
or Texture be, whether they be ſim- 
ple or compornd, fluid or ſolid; 
whether they be great or ſmall; 
whether they be in Motion or at Reſt, 
are ena ued with this Power, 

This Force is alſo univerſal as ts 
Time ; that is, all other Conditions 
being the ſame, it never inc 
or diminiſhes, 


The 


Enquiry with that Succeſs, that the 
moſt ſimple Nature of Gravity, be- 
ing ſuppoſed, he has eſtabliſhed the 
true Syſtem of the World beyond all 
Controverſy, and moſt clearly ex- 
plained the moſt conſiderable Phe- 
nomena cf ai Nature. And his O- 
pinion of the Nature and Properties 
of Gravity is this, 
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14. The Weight of a Body therefore is proportiona- 14. Thar 
ble to the Quantity of fluid Matter which cauſes it to 
deſcend ; ſo that it ſeems the bigger any Body is, the more 


weighty it ought to be, 


The Quantity of this Gravity at 
equal Diſtances, is always exactly in 
Proportion to the Quantity of Matter 
in the gravitating Bodies. For In- 
ſtance, if a cubick Foot of Gold bas a 
Thouſand Pound Weight upon the Su- 
perficies of the Earth, tvs cubickFeet 
will have two Thouſand Pound 
Weight upon the ſame Superficies 5 
and if the Earth contained but half 
the Quantity of Matter that it does 
now, the ſame cubick Foot of Gold 
which has now a thouſand Pound 
Weight upon the Superticies of the. 
Earth , would have but Five Hun- 
dred only. 

This Gravity in given Bodies is 
greater or leſs according to the Di- 
tance of thoſe B dies trom each o- 
ther ; for Example, a Stone which 
near the Superficies of the Earth, is 
very heavy, if it were carried up as 
high as the Moon would be very 
light, 

Laſtiy, The Proportion of the In- 


creaſe or Decreaſe of this Gravity in 


Bodies approaching to or receding 
from each other is ſuch that its Force 
is reciprocally in a duplicate Pro- 
portion or as the Squares of their 


Diſtances. For Example, a Body 


which at the Diſtance of ten Dia- 
meters of the Earth, weighs a hun- 
dred Pounds; would, if its Diſtance 


were but half ſo far, weigh four 


Times as much ; and if but a third 
Part ſo far, nine Times as much. 
So likew'ſe, the Force which upon 
the Superficies of the Barth, could 
ſupport a Hundred Pound Weight; 
if it were twice as far off the Cen- 
ter, could ſupport four Times the 
Weight, if three Times as far off, 


it could ſupport nine Times the 
Weight. 

Having laid this down for the Na- 
ture of Gravity, it follows: 

Firft, That Gravity or the Weight 
of Bodies is not any accidental Ef- 
fect of Motion or of any very ſubtle 
Matter, but an original and general 
Law of all Matter impreſſed upon it 
by God, and maintained in it perpe- 
tally by ſome efficient Power, 
Which penetrates the ſolid Subſtance 
of it; fgr Gravity never is in Pre- 

VOL u. 


portion to the Superficies of Bodies 
or of any Corpuſcles, but always to 
the ſolid Quantity of them. Where- 


fore we ought no more to enquire 


how Bodies gravitate, than how 
Bodies began firſt to be moved. 

Secondly, Hence it follows, that 
there is really a Vacuum in Nature, 
and that it is much the greateſt Part. 
For fince Gravity is an univerſal Af- 
fection of Matter, if we ſuppoſe the 
World to be full, it would follow, 
that all Bodies would be equal.y hea- 
vy ; which is very abſurd. 

Thirdly, This being laid down 
for the Nature of Gravity; it will 
follow, that the Planets, if they 
have once imprefſed upon them by 
God, the moſt ſimple projectile 
Motion in ſtreight Lines, will re- 
volve about the Sun, as we ſee they 
really do, in Circles or Ellipſis, 
without the Help of Vortexes. See 
the Nores on Chap. XXV. Art. 22. 
of this Part, 

Fourtbiy, Hence it follows, that 
if any very great Collection of fluid 
Matter þe gathered together upon the 
Superficies of the Earth, it muſt flow 
backward and forward according to 
the various Motions of the Sun and 
Moon, b:cauſe of its gravitating to- 
wards them, in proportion to their 
M-gnitudes and Diſtances. See tbe 
Wetes on the following Chapter. 

Loſily, So eaſy and agreeable to 
the nature of Things, isthis Notion 
of Gravity, that Kepler, though he 


could not explain the Manner of the 


celeſtial Motions by it, yet he con- 
tended that it was true. 
Gravity, ſays he, is a corporeal 


Aﬀettion, which is mutual betwixt 


Bodies of the ſame Nature, &c. 

If the Eartb was not round, beavy 
Bodies would not d:ſcend from ail 
Parti directly towards the Center of 
the Earth 5 but from different Siges 
would deſcend towards different Points 

If two Stones were placed near each 
other in any Place of the World,out of 
the Reach of the Action of any third 


Body of the ſame Nature; theſe Stones. 


in the ſame Manner as tws Load- 
Stones, would meet in an intermediate 
Place each approaching to the ther by 

2 uc 
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15. However this is not always true, nor is it ever ſo 
but when all Circumſtances are alike; for it is to be ob- 
ſerved, that all terreſtrial Bodies have Pores, which 
the Matter of the firſt and ſecond Element can very 
eaſily enter into; they muſt neceſſarily always contain 
in them a certain Quantity of that Matter; which havin 
juſt as much Force, as an equal Quantity of the ſame Þ 
Matter, which is in the Pores of an equal Portion of 
Air that muſt aſcend into the Place of the terreſtrial 
Body, it is only the Difference betwixt the two Quan- 
tities of ſubtle Matter that ought to be conſidered : Fur- 
ther, there is always a certain Quantity of terreſtrial 
Matter in every Portion of Air likewiſe, which ought to 
be deducted out of that which compoſes the heavy Body 
with which it is compared: So that the whole Weight 
of a Body conſiſts in this, that the Remainder of the 
ſubtle Matter, which is in the Portion of Air that ſuc- 
ceeds in the room of the heavy Body, has more Force 
to go off from the Center of the Earth than the Remain- 
der of the terreſtrial Matter, which compoſes the heavy 
Body. And as Things may be diverſified a great many 
Ways, from hence ariſes the unequal Weight of diffe- 
rent Bodies of the fame Bigneſs ; and this is alſo the 
Reaſon, that ſome which are very large, do notwith- 
ſtanding weigh but a little. 

16. As to the Velocity with which heavy Bodies fall 
towards the Earth, and the Proportion which Bodies of 
different Weight obſerve in falling, there are many Par- 


ed; Whence it is that their Celerity increaſes in Pro- 
portion to their Deſcent in the Air ? To which it is 
eaſy to anſwer ; that when a Body begins to deſcend, its 
Velocity cannot be very great, becauſe the ſubtle Matter 
which is about it getting into its Place, and which is all 
that it is impelled by, cannot force it downwards with fo 
great a Celerity, as it has itſelf to recede from the 


ſucb an Interval as is proportional to they would be united together. This 


2. 


Center 


the other's Bult. would be ſo upon Suppofitron, that the 5 
If the Moon and the Farth were Matter of them both is of the [ame * 
not kept easb in their Orbit by an Denſity. See Kepler's Introduction tl 
anima / Force, or ſomething egui- to his Book concerning the Motions t 
wvalent ta it; the Eartb wvould 4 of Mars. 
cend towards the Moon a fifty- fourth But as to the efficient Cauſe of this 
Part of the Diſtance between them, Gravity, as we have called it, See 
and tbe Moon would deſcend trwards above Chap, Xl. Art. 15. of the firſt 
tbe Earth Aſty tbree Parts of the Part. | 4 
Diſtance tr thereabout:; and there L 
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Center of the Earth. But when it is once put in Mo- 
tion and begins to deſcend, the ſubtle Matter which is 
underneath it, and which tends with its whole Force to 
aſcend as high as it can, puſhes it downwards continually, 
and fo perpetually adds new Degrees of Celerity to thoſe 


which it had before. 


And this is the Reaſon why the 


(1) Celerity encreaſes every Moment, and that its Fall 
is the more or leſs violent, according to the greater or 
leffer Height from whence it begins to deſcend. _ 


(i) The Celerity incr:aſes every 
Moment, &c.) The Motion cf fal- 
ling Bodies is increaſed in the pro- 
portion of odd Numbers, 1, 3, 5, 


7, 9, &c. So that the Spaces run 


through, ere as the Squares of the 
Times, that is, if a heavy Body 
deſcend a Foot in one Moment, it will 
deſcend four Foot in two Mcments, 
nine Foot in three Moments, &c. 

But becauſe this is one of the Pcin- 
cipal Phaznomena of Nature, I ſhall 
add a fuller Diſſertation upon this 
Matter. 

The famous Sir Iſaac Newton has 
ſhewn, that the Gravity of Bodies“ 
which are above the Superficies of 


the Earth, is reciprocally as the. 


Squares of their Diſtances from its 
Center; But the Theorems concern- 
ing the Deſcent of heavy Bodies, de- 
monſtated by Gallilzur, Hugent, 
and others, are built upon this Foun- 
dation, that the Action of Gravity 
is the ame at all Diſtances. The 
Conſequences of which Hypotheſis, 
are found to be very nearly agreeable 
to Experience, becauſe the Spaces to 
which Bodies can be cartied above 
the Superficies, ate ſo very ſmall 
compared with the length of the 
Earth's Semi - diameter; that the 
Difference of the Diſtances from its 
Center, may be looked upon as no- 
thing. Suppoſing therefore the Ac- 
tion of Gravity to be equable, and 


that there is no Reſiſtance in the 


Medium through which Bodies fal! ; 
the following Theorems may be 
thus demonſtrated. 


Prop, I. 


The Velocities acquired by a hea- 
vy Body, which was at reſt till it be- 
ganto fall, at the Concluſion of any 
Times computed. from the Begia- 

VOL, lh 


c 


17, It 


ning of their Fall, bear the ſame 
Proportion to each other as theſe 
Times. 

For it is evident; that in a Mo- 
tion performed in the ſame ſtreight 
L ne, and accelerated by equal and 
ſucceſſive Impu}ſes, the Velocities 
acquired, muſt be as the Number of 
Impulſes. If therefore we imagine 
the Time of the Deſcent to be di- 
vided into infinitely ſmall and equal 
Moments or Points of Time, and 
that the Force by which the heavy 
Body is urged downward, adds in 
every one of theſe Moments a new 
Impulſe to it, always equal to the 
foregoing one; that is, acts upon it 
continually in the ſame Way and 
Manner ; it is manifeſt that the 
heavy Body may be apprehended to 
have received as many Impulſes 
while it was fallen, as there are 
Moments of Time computed from 
the Beginning of its Deſcent, The 
Velocities acquired therefore, are as 
the Number of Moments computed, 
that is, as the Times taken up in 
falling Q. B. D, © © 


Coroll, 


In the right angled Triangle ARC, 
if AB, AD repreſent 
the Times of Deſcent ; 
and if BC repreſents Fig. 1. 
the Velocity required at 
the End of the Time AB; then 
DE parallel to BC will repreſent the 
Velocity at the End of the Time AD. 


Prop. II. 


The Spaces run through by a beawy 
Body which was at reſt before i be- 
gan to fall, in any Times computed 
from the Beginning of the Fall, are in 
a duplicate Proportion both of thoſe 


Tab. XX lo 
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be ſo great, 
as not to be 
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17. It is true, and it is the Second Particular here u 
be conſidered, that a Body may arrive to ſuch a Deg 


Times, and of the Velocities acqui- 
red at the End of thoſe Times. 

For it is evident, that the Spaces 
which a heavy Body paſſes through 
in falling, in any Times whatſoever, 
are to one another, as the Sums of 
the Velocities with which the heavy 
Body is carried in every one of the 
Moments of thoſe Times. Now the 
preceding Corollary being granted , 


every one of the Lines that are pa- 


rallel to DE in the Triangle ADE, 
doeach of them repreſent every one 
of the Velocities with which the 
heavy Body is carried in the Corre - 
ſpondent Moments of the Time re- 
preſented by AD ( by the preceding 
Coroll. Therefore the Sum of theſe 
Lines or the Triangle ADE will re- 
preſent the Sum of all the Velocities 
with which the beavy Body is car- 
ried in the Time AD. For the ſame 
Reaſon the Triang'e ABC will re- 
preſent the Sum of the Velocities 
with which the beawy Body is carri- 
ed in the Time AB. The Spaces 
therefore run through in the Times 
AD, AB are to each other as the 
Triangles ADE, ABC. But theſe 
Triangles are to one another in a 
duplicate Proportion as well of AD 
to AB, as of DE to BC, that is, as 
well of the Times of their Deſcent 
as of their final Velocities. The 
Spaces therefore run through, are to 
one another in the ſame Proportion. 


GQ. . D. 
Coroll. 


If the Times, computed from the 
Beginning of the Fall, be to one ano- 
ther as Numbers increaſing in the 
Rank 1, 2, 3, 4, &c. the Spaces 
run thro” in theſe Times, will be as 
the Squares of theſe Numbers; viz. 
as the Numbers 1, 4, 9, 16, &c. and 
the Spaces run through in equal con- 
tiguous Times, will be as the odd 
Numbers 1, 3, 3, 7, &c. 


Prop. III. 


The Space run thro' by a beawy 
Jody which was at reſt before it be- 


Dan to fall, in any Time whatſoe- 


ver, i; baff the Space which it 


Would ron tiro? in the ſame T. me 


0! 


with an equable Motion, with . 


Velocity acquired in the laſt Momen 


of its Fall, 

Le: AB repreſent the Time 9 
the Deſcent ; BC the 
Velocity acquired at 
the End of it, and Fig. 1, 
let the Triangle ABC 


be corapleted into the Parallelogran 
BF: It is manifeſt, that the Sa 
paſſed through in the Time A 


with the equable Velocity BC, 


rightly repreſented by this Paralle. 


lograrn. 
half this Parallelogram. Therefor; 
&c, 0 E. D. 


N. B. The three foregoing Theo. Y 


rems are true alſo if applied to Beat 
Bodier deſcending upon any incline 


Planes; becauſe they are urged x 
long thoſe Planes by a Force which 
is given and equable, and which is 
to the Force of Gravity, as the 
Height of the Plane to the Length 


of it. See the Notes on Part |, 
Chap, 17. Art. 9. Prep. 2. 


Pr OP» IV . 


The Velocity ultimately acquire 
in falling along any in- 
clined Plane AC, is e- 22 
qual to the Velocity ac- 1 
quired in falling the Altitude of it 
AB; and therefore the Velocities 
ultimately acquired in falling alorg 
any inclined Planes AC, AD whole 
Altitude is the ſame; are equal: 
And the Times of their Deſcent 3. 
long the ſame Planes, are as the 
Lengths of thoſe Planes. 

From what has been already faid, 
it is evident ; that in- Motions equa- 
bly accelerated, the Velccities gene- 
rated in a given Time, and cone 
quently the Spaces run through, are 
to each other as the Forces by which 
the Velocity is generated. 

Firft then, let the Perpendicular 
BP be let fall from Bto AC ; and 
the beswy Body in deſcending along 
AC, will arrive at P, in the fame 
Time that it would arrive at B in 
falling from A; (for AB is to AP, 
as AC to AB; that is, as the Force 
with which the beavy Body is urged 
along AB, to the Force wih which 

tun ur. ed alontz the Plane AC;) 
whe resort 
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wherefore the Velocity in B is alſo 
Wo the Velocity in P, a» AB, to AP; 
Wbut the Velocity in P, is to the Ve- 
WF jocity in C, in a ſub-duplicate Ratio 
6% Prop. 2.) of AP to AC, that 
is, 2s AP to AB. The Velocity in 
+» Eg theretore, is to the Velocity in C, 

ia a Ratio compounded of AB to 


un Ap, and AP to AB; but this is a 
pac RY Ratio of Equality. Therefore, &c. 


Secondly, Becauſe the Time of the 
EE Deſcent from A to P, is to the 
Time of Deſcent from A to C, in a 
WT ſub-duplicate Ratio (by Prop, 2.) of 
Ap to AC alſo ; that is, as AP to 
AB, or as AB to AC; and becauſe 


"heo- 2 beavy Body in falling from A will 
eaty arrive at Bin the ſime Time as at 
line P; therefore the Time of Deſcent 
d . along AB, is to the Time of Deſ- 
hich cent along AC, as AB to AC. And 
ch i for the ſame Reaſon, the Time a- 


ie long AD, 2s AB to AD. Ther 


ngth fore &c. Q E. D. i 
rt | 
Prop. V. 
If the Diameter AB of any Circle 
be erected perpendicular to the Ho- 
uired rizon, the Times of 
XXI. 4 Tab. XXI. Deſcent along any 
"a = Fe. ;. Chords, ſuch as BC 
drawn from the Extre- 
f it mi'yof it, are equal. And the Ve- 
cities locities acquired in the Point B are 
org to each other as thoſe Chords. 
hole For if CD be let fall perpendicular 
ual : from C to AB; f, che Time of 
nt 2 Deſcent from A to B, is tothe Time 
the of Deſcent from D to B, as AB to 
CB (by Prop. 2.) And the Time 
laid, from Dto B, is to the Time from 
qua- CtoBz as DB to CB (by Prop. 4.) 


ene · Therefore the Time from A to B, 
is to the Time from C to B in the 
Ratio compounded of AB to BC and 


kick DB to BC, or as AB x BD, to 
BCq. But theſe are equal, and con- 

ular lequently the Times of | Deſcent are 
and equal. Wherefore, fiace the Times 

long of Deſcent along any Chords are a/l 
lame equal to the Time of Deſcent thro” 
B in the Diameter; they are aiſ» equal 
AP, to each other. Secondly, The Ve- 
orte loc ity acquired in falling from D to 
rged B, and from C to B, s the ſame 


Prop. 4.) Now this Latter, is to 
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of Celerity, as cannot be further increaſed ; either becauſe 
the Air is uncapable of opening any 


freer Paſlage for it ; 


or 


the Velocity acquired in falling frong 
A to B, as CB to AB (5y Prop. 2.) 
Therefore &c. Q. E. D. 


Corell. 


Hence we ſee the Reaſon, why 
the Times of the Vibrations of a 
Pendulum deſcribing very ſmall Ar- 
ches of a Circle, are very nearly 
equal ; for thoſe Arches differ very 
little trom their Chords, eicher in 
Length or Poſition. 


Prop, VI. 


If a beavy Body deſeends from 
any Altitude thro' never ſo many 
contiguous Planes of | 
any Sort, and any In- Tab. XXI. 
clination whatſoever Fig. 4. 

AB, BC, CD; it will 

acquire the ſame Velccity at the laſt, 
as it would acquire in falling perpen- 
dicularly from the ſame Height. 

Let AF, DG, be drawn parallel to 
the Horizon; let CB, DC be pro- 
duced fill they meet AF in the 
Points E and F, and let the perpen- 
dicular FG be let fall, 

The beavy Bady in falling from 
A to B, will acquire the ſame Ve- 
Jocity, as if it had come to B along 
EB, (by Prop. 4.) Wherefore, ſince 
the turning out of its Courſe at B is 
ſuppoſed no Way to hinder its Mo- 
tion, it will have the Game Velocity 
in C, as if it had deſcended along 
EC ; that is, as if it had deſcended 
along CF, (by Prop, 4.) Therefore 
it will have the fame Velocity in D 
as if it had deſcended along FD: 
And this is equal to that which it 
would have had in falling perpendi - 
cy'arly wlong FG, (by Prop. 4.) 
Therefore &c. Q E. D. 


Corel. g 
A beavy Body deſcending in any 


Curve, will acquire the ſame Velo- 
city as it would acquire in falling 
fr m the ſame perpendicular Height ; 
tor a Curve may be looked upon as 
compoſed of an infigite Number of 
ſtreight Lines. 
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or becauſe it having acquired as much Motion downwards 
as the ſubtle Matter it ſelf, which cauſes it to deſcend, 


Prop. VII, 


Tf the Inclination of any Number 

of contiguous Planes 

Tab, XXI. whatſoever, AB, BC, 

Fig. 4, 5» CD; ab, bc, cd, be 

in the ſame; and the 

Ratio of their Lengths be the ſame ; 

the Times in which they will be run 

through by a heavy Body, will be 

in a ſub-duplicate Ratio of thoſe 
Lengths taken together, 

Let AF, af, be drawn parallel to 
the Horizon ; and Jet BC,CD ; bc, 
c d, be produced ti l they meet AF, 
af, in E and F, e and f. It is evi- 
dent, by the Hypotheſis, that BE 
has the ſame Ratio to be, and CE 
to ce, and DF to df; as AB has to 
a bor BC to be, or CD to cd ; and 
alſo as AB EHC has to a b 
be ed. Now becauſe of the e- 
qual Angles BAE, bae, the Times 
of the Deſcents along AB, a b, will 
be in a ſub-duplicate Ratio of AB 
to a b; (by Prop. ＋ and the Ve- 
Jocities in the Points B and b will be 
in the ſame as would have been ae- 
quired in falling along EB e b (5y 
Prep. 4.) If therefore the Motion 
de continued, the Spaces BC bc, 
will be run through in the fame 
Times as if the beavy Body hid be- 
gun to fall from the Points Ee. But 
the Times of the Deſcents as well 
threugh EB, eb, as through EC, 
ec, are in a ſub-duplicate Ratio of 
thoſe Lines, that is, .in a ſub-dupli- 
cate Ratio of AB toab, Therefore 
(by Diviſion) the Times along BC, 
be, after having fallen alocg AB, 
ab, are in the ſame Ratio. And 
therefore (by Compoſition) the times 
along AB BC + CD, ab +bc 
e d, are in the ſame Ratio alſo. 
In the fame manier may it be de- 
monſtrated that the Times of paſſing 
through AB + BC + CD, ab + 
bc + cd, are inthe ſame Ratio of 
AB to ab, or of AB-BC -+- CD, 
to ab Ebe- cd, and ſo on for 
ever, let the Number of Planes be 
nę ver ſo many. Therefore &c Q. E. D. 


Ceroll. 1, 


The Times in which a beawy Bo- 
dy gaas through fim ilar Parts of 


has | 


Curves whoſe Poſition is the ſame? 
are in a ſub-duplicate Ratio of thoſe 
Parts. For thoſe Parts of Curves 
may be looked upon as compoled of 
an infinite Number of ſtreight Lines 
whoſe Ratio is given, and their In- 


: clination to each other Similar, 


Coroll. 2. 


The Times in which Pendulum; 
deſcribing ſimilar Arches of Circles 
Vibrate, are in a ſub-duplicate Ratio 
of the Lengths of the Threads ; for 
theſe Threads or Rad:us's of Circles 
are in the ſame Ratio as their ſimi- 
lar Arches. And the ſame holds 
true though the Arches be not ſimi- 
lar; provided they be very ſmall, 
(by Coro!!. Prop. V.) 


The following Propoſitions may alſy 
be wery properly added in this Place, 


Of the Motion of Projettiles, 


The fame Law of Gravity being 
ſuppoſed as before, and that there is 
no Reſiſtance from the Medium, 
and that heavy Bodies deſcend per- 
pendiculartly to a given horizontal 
Plane; (which Hypotheſis, becauſe 
of the ſmall Spaces through which 
Bodies are projecied, compared with 
the Earth's Circumference, d flers 
very inſenſibly from the Truth) the 
Affections of the Motion of Projec- 
tiles may eaſily be demonſtrated, 


Prop. VIII. 


If a Body goes along with a com- 
pound Mot ion, conſiſt ng of an equa- 
ble Motion in a ſtreight Line given 
in Poſition, ard of the Motion ari- 
ſing from the Force of Gravity: It 
will deſcribe a parabolick Curve, 
which the freight Line given in 
Poſition, will touch in the Point 
where the Body begins to move, and 
all the Diameters of this Curve will 
be perpend:cular to the Horizon. 

Let the Budy be moved from 
the Point P, with an equable Motion 
according to the Direction of the 
Line PL given in Poſition; and at 


the fame Time let it be drawn 


dawnwaids by its own Gravity, ac- 
cording 
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has upwards ; there remains nothing that can give it any 
new Degrees of Motion which might increaſe its Ce- 


ſerity, 


cording to the Direction of PG, per- 
pendicular to the 
Horizon PH. Now 
fince neither of theſe 
Motions hinder the 
other ſo, but that the Body may go 
en according to the Direction of the 
Line PL in the ſame manner, as if 
the Force of Gravity did not act at 
all; and that it may likewiſe de- 
ſcend according to the Direction of 
the Line PG in the ſame manner 
as if it had not been impelled by 
the projectile Motion : If the Body 
moves through the Spaces PL, PI 
with an equable Motion, in the 
ſame Times as they will fall thro? 
the Spaces PG, Pg ; it is manifeſt, 
that if GV gv be drawn parallel to 


Tab. XXIII. 


| PL, and LV, lv, parallel to PG, 


till they meet each other in the 
Points V, v, the Body will be found 
at the End of thoſe Times in the 
Points V, v : Now becauſe in the 
Motion along the Line PL is equa- 
ble, PL, Pl, will be to each other 
as the Times in which they are paſ- 
ſed through ;z but PG will be to Pg 
as the Squares of thoſe Times ( by 
Prop. 2.) PG therefore or LV, is to 
Pzorlv, as PLq : to Plq: All the 
Points Vv, therefore are in a para- 
bolick Curve, which PL to:ches in 
the Point P, and all the Diameters 
of which are parallel to PG, that 
is, perpendicular to the Horizon, 
E. D. 

When I mention hereafter the Pa · 
rameter ſingly, you are to underſtand 
that Parameter which belongs to 
that Point in the Curve deſcribed 
from whence the Projection is made. 


Prop. IX. 


The Velocity with which the Bo- 

dy is projected a long 

Tab. XXIII. the Line PL, is equal 

Fig. 1. to that Which it 

: would acquire in fal- 

ling through a fourth Part of the 
Fata meter. 

A Body with an equable Motion 
paſſes through the Space Pl, in the 
lame Time that it falls through the 
Space Iv. Now if Pl be taken equal 
to half the Parameter, I v will be 


18. Laſth, 


equal to half Pl. Now the Veloci- 
ty acquired in falling through I is 
ſuch that double the Space Lv, that 

is, the Space Pl would be run thro“ 
in the Time of its Fall (by Prop. 3.) 

But the Body by the projectile Moti- 

on paſſes thro' the ſame Space Pl in 
the ſame Time. So that the Velo- 

city of the one is equal to the Velo - 
city of the other, Q. E. D. 


Coroll, Is 


If the Velocity of the projectile 
Motion be the ſame, the Parameter. 
will be the ſame, whatever the Di- 
rection of the Projection be» 


Coroll. 2. 


The Velocity of a projected Body 
in any Point of the Curve which it 
deſcribes, is the ſame as it would ac- 
quire in falling through a fourth Part 
of the Parameter belonging to that 
Point; and therefore the Velocities 
of it in diffezent Points are in a 
ſub-duplicate Ratio of the Parameters 
belonging to thoſe Points, (by Props 
2.) For the projected Body may be 
conſidered in any Point of the Curve 
deſcribed as if it began to he moved 
firſt in that Point according to. the 
Tangent of it, and afterwards de- 
ſcribed the reſt of the Curve. 


Coroll, 3. 
The Velocity of a projected Body 


is leaſt therefore when it is in the 
Axis of the Curve; and is the ſame 
at equal Diſtances from the Axis 
on each 8 de; and the greater the 
more remote it is 

frem the Axis: And Tab. XXIII, 
the Velocities of it Fig. 2. 

in different Points, 

are to each other as the Secants of 
the Angles which the Tangents to 


thoſe Points when produced, make 


with the hor zontal Line. For 
let the ftreight Line PL touch the 
Curve in the Point P ; and meet any 
Diameter VH produced in L, and 
let PO be an O d nate from the 
Point P to the ſame Diameter, which 

„ will 
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13, Tbat the 
Celerity of 
tbe Fall of 
unequally 
heavy Bo- 
dier is nt Vill therefore make the ſame Angles 
Preportiona- with the horizontal Line FH, as the 
ble eo their Tangent of the Curve in the Point 
Wight, V does. Now if PH be the Radius, 
PL, PO will be the Secants of the 
forementioned Angles : And it is 
eaſy to ſhew from the conick Secti- 
ons, that theſe Secants are to each 
other in a ſub- duplicate Ratio of the 
Parameters belonging to the Points 
P and V, that is, ( by the preceding 
Cor//.) as the Velocities of the pro- 
jected Body in the Points P, V. 


Coroll. 4. 


Let the projected Body begin to 
move from the Point A, according 
to any Direction AT: Let the ho- 
risantal Line AH be drawn, and 
AP erected perpendicularly to it, and 
equal to a fourth Part of the Para- 
meter of any Curve to be deſcribed 
with a given Force. 
On the Diameter 
AP let the Semi- 
circle ATP be de- 
ſcribed, cutting the Direction of the 
projected Body in T. From whence 
let TF be let fall perpendicular to 
PA. Now fince the projected Body 
can run through a Space double to 
PA with the Velocity acquired in 
failing thro' PA, and in the ſame 
Time (by Prop. 3.) and fince this 
Velocity is equal to that with which 
the projected Body goes out from 
the Point A: (by Prop. 9.) If AP 
repreſents the Time of falling from 
P to A, the projected Body will be 
carried in the Line of its Direction 
AT through a Space double to AT, 
in the 'T'me repreſented by the Line 
AT, and thro” a Space four Times 
the Length of AT, in twice the 
Time of AT. Let that Space be AE, 
and from E let the perpendicular 
FH be let fall to the horizontal 
Line. Further, in the Time repre- 
ſented by AT the projected ody 
will fall through the Space FA (Ly 
Prop. 2.) and in the Time repre- 
ſ-nted by double AT, it will fail 
through four Times the Space FA 
or thryush the Space EH: That is, 
in the ſf.-me Time that the } ody by 
its proje&tile M tion pa ſſes through 
the Space AE, it will fail through 


Tab. XXII. 
Fig- Jo 
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18. Laſtly, In order to determine the Proportion oh- 
ſerved by Bodies of unequal Weight in their falling, the 


Part II. 


follow. 


the Space EH, and ſo meet the Ho- 
rizon; but AH is its horizontal 
Space, ard AF the Altitude of the 
Parabola deſcribed. Whence the 
following Conſectaries flow alfo. 


Coroll. 5, 


The horizontal Spaces de ſcribed by 
a projected Body with a given N 
are to each other as the Sines of 
double the Angles which are made by 
their Directions and the horizontal 
Line; And therefore its greateſt ho- 
rizontal Space, is, when that Angle 
is halfa right Angle; and it is e- 
qual to half the Parameter of the 
Curve deſcribed ; and theſe Spaces 
are equal, when the Directions of the 
projected Body differ from a right 
Angle by equal Angles on each Side 
for theſe Spaces are as the Lires 
FT; and, if CT be Radius, FT 
is the Sine of the Angle .FCT 
which is double EAH, whence the 
reſt are manifeſt. 


Coroll. 6. 


The Altitudes of the Curves de- 
ſcribed, are to each other, as the 
verſed Sines of the aforeſaid Angles, 
for they are <quai to the Lines FA, 


Coroll. 7» 


The Times which a projected Body 
takes up in deſcribing thoſe Parts of 
the Curves, which are cut off by the 
horizontal Line, drawn through the 
Point where the Projection is, are to 
each other as the Sines of the An- 
gles which the Directions make with 
the horizontal Line; for they are to 
each other as the Lines AT, which 
it PA be Radius, are as the Sines of 
the Angles APT, or EAH, 


Prop. X. 


The horizontal Diſtance PH, of 
any Point V in the Curve which the 
projeRted Body de- 


ſcribes from the Tab. XXIII. 


Foint P where the Fig. 2. 

Pr: jection is made ; 

its p-rperdicular Dittance from the 
Horizon VH; and the Angle LP H 
3 which 
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4 Tab. XXIII. 
Fig. 4, 5+ 


which the Direction of the projected 
B dy makes with the horizontal 
Line, being given; to find the Pa- 
rameter and the Velocity of the pro- 
zectile Motion. 

p and the Angle LP H being 
given, PL and LH are given; 
wherefore becauſe VH is 1 VL 


Lq 
is alſo given; Therefore —— the 
LV 


Parameter is alſo given. And fince 


© the Space which a Body falls through 
ia a given Time, is given; vix. 16+ 
London Feet, in a ſecond of Time; 
it is eaſy to collect from the ſecond 


Prop. what the Time of the De- 


| ſcent through the given Line LV is, 
| that is, the Time which the given 


Line PL is run through by the pro- 
jectile Motion, . E. J. 


Prop. XI. 
Let B be a Mark or any gi 


Pint, Jet BD be its perpendicular 


Diſtance from the horizontal Plane, 
and let GD be the horizontal Di- 
ſtance 'of another 
given Point G in the 
ſame Plane. Let GB 
be joined; and from 
the Point G, let GP be erected per- 
pendicular to DG; and let the An- 


ge EGP be biſected, by the ſtreight 


Line GN; Now if the Mark B be 


bit by a Projection made accord- 
ing to any Direction GK; I., that 
the ſame Mark B will be hit by a 
Projection made with the ſame Force, 
& according to another Direction GL, 


which makes the Angle LGN with 
the biſeQing Line, equal to the An- 
gle NGK. Let the forementioned 
Directions meet DB produced, in 
the Points K and L. Becauſe the 
Velocity of the projected Body, ac- 
cording to the Lines GK, GL, is 
ſuppoſ-d to be the ſame, the Times 


Which it takes up in paſſing through 


them, are in the ſame Ratio as the 
Lines themſelves ; but the Spaces 
which it falls through from the 
Poiats K and L, in thoſe Times, 
are to each other, as the Squares of 
the Times 3 'by Prop. 2.) they are 
iterefore as GKq, to GLA. Now 


Chap. 28. of NaTvuRAL PnilosoPHy. 


following Rule is diligently to be conſidered ; viz. that 
a Body which moves very quick, may increaſe the Ce- 


lerity 


becauſe of the ſimilar Triangles 
GKB, LGB; BK is to BG as GK. 
to GL; and BK to BG as BG to 
BL. Therefore as GKq is to GLq. 


ſo is BK to BL. Wherefore fince 


BK (by the Hypoth. and Prop. 8.) 
is the Deſcent of the projected Body 
from the Point K, in the Time GK 
LB will be its Deſcent from the 
Point L in the Time GL. There. 
fore (by Prop. 8.) the ſame Mark g 
will be hit by the Direction GL alſo, 
E. b. 


Coroll. I. 


If LK be biſected in F, DF will 
be equal to half the Parameter of the 
Curves deſcribed, For the Rectan- 
gle of the Parameter and LB is 
equal to GLq ; and the Rectangle 
of the ſame Parameter and KB, is 
equal to GKq., Therefore the Rec. 
tangle of the ſame Parameter and 
LK is equal to GLqz — GKqs 
or DLq-- DKq, or to the Rec- 
tangle of DL I DK, that is, LK 


into DL + DK. The Parameter 
therefore is equal to DL + DK, 
the half of which is DF» © 


Coroll II. 


The nearer the Directions GK, 
GL, are to the Line which biſeCts 
the Angle BGP, the leſs is the Force 
required to hit the Mark B; ſo that 
there are no more than two Direc- 
tions, along which the ſame Mark 
may be hit with the ſame Force. 
For let the biſecting Line meet BD 
produced in N. Now fince the Di- 
rections GK, GL, are diſtant from 
GN by equal Angles, (by Prop. 3. 
Book VI. of Euclid) it is evident 
that the Point F muſt fall higher 
than the Point N, or DF muſt be 
greater than DN; and if GL and 
GK approach to GN, the Point F 
ought to come to the Point N, that 
is, the Parameter will be leſſened (by 
the preceding Cor. 2.) and conſequent» 
ly the Force of the projectile Motion 
(by Prop. 9.) 
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Coroll. III. 


If the Direction of the Force with 
which the given Mark B is hit, be 
the Line GN it ſelf, which biſects 
the Angle BGP, then that Force 
is the leaſt, and the Direction the 
only one, in which the Mark B can 
be hit with that Force: And the 
contrary, For when GK, GL, 
coincide with GN, the Point F will 
coincide with N, and DN will be 
Half the Parameter : Then the reſt 
will follow from Prop. XI, and the 


preceding Corollaries. 


Cor oll, I V. 


Hence we ſee the Reaſon of the 
Mechanical Praftice of directing a 
Cannon ſo as to hit the Mark with 
the leaſt Force. For having fixed 
a plain Looking Glaſs perpendicular 
to the Bore of the Cannon ; let the 
Cannon be inclined, till the Eye, 
look ing along a Thread hanging 
freely with a Lead at the End of it, 
can fee the Mark reflected by that 
part of the Look ing · Glaſs over which 
the Lead hangs; Then, it is evident, 
from the Nature of Reflexion and the 
preceding Corol. that you have the Di. 
rection required. 


C oroll * V. 


The higheſt Points which can be 
hit with a given Force, at any ho- 
rizontal Diſtances, are all of them 
in the Curve of a Parabola, whoſe 
Focus is the Point from whence the 
Projections ate made; whoſe Axis 
is perpendicular to the Horizon; and 
the Parameter to the Axie, the fame 
as that of all Curves deſcribed with 
a given Force, 

| For let GPH be 
Tab. XXIV. a Parabola, G the Fo- 
Fig. 1. cus, GP the Axis 
perpendicular to the 

Horizon; the Parameter to the Axis 
the ſame as that of Curves de- 
ſcribed with a given Force. Let any 
horizontal Diſtance GD be taken, 
and from the Point D, let the Per- 


Part I 


lerity of another Body which moves flower, by impelling 
it forward when it overtakes it; but if we ſuppoſe it to 


have 


pendicular DB be erected, meeting 
the Curve in B; I fay, the Point B 
is the higheſt that can be hit with 
a given Force, at the Diſtance GD; 
or the given Force is the leaſt that 
can hit that Point. For if GB be 
drawn, GB+BD will be equal to 


half the Parameter of the Curve de- 
ſcribed by the leaft Force that B can 
be hit by. For in order to have 
that Force hit the Point B, the Di. 
rection ruſt biſe& the Angle BGP; 
(by Cor. 3.) then by reaſon of that 
Angles being ſo biſected, and Dp, 
GP, being parallel, 

the Triangle GBN Tab. XXIII. 
will be Iſoſceles; and Fig 4, and 5, 
GB + BD equal to 


DN, that is to half the Parameter; 
as is evident from that Corollary, 
Now in the Parabola 

GPII, let BO be Tab. XXIV. 
an Ordinate to the Fig. 1. 
Axis, and let the 

Tangent BT be drawn, meeting the 
Axis produced in T; then (#ecauſe 
from the Nature of the Parabsla, PQ 
and PT, CB and GT, GO and 
DB are equal) GB + DB is equal 
to double GP, that is, (by Conftru#.) 
equal to half a Parameter of the 
Curve deſcribed by a given Force. 
Therefore the given «Force is the 
leaſt by which the Point B in the 
Curve of the Parabola GBH can be 
hit: Whence the Thing propo ſed is 
maaiteſt, 


Coroll. VI. 


If DF be given 
and equal to half Tab. XXIII. 
the Parameter of Fig. 4, and 5. 
the Curves paſſing 
thro' the Point B, and from the Point 
F be taken equal Lines FL, FK, 6 
as that GL, GK being drawn they 
may make equal Angles with the 
Line GN, which biſects the Angle 
BGP H; GL and GK will be the 
Directions of Force with which 
thoſe Curves paſſing through B will 
be deſcribes, 
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ve neither greater nor leſs Celerity, than that which it 
meets with, it can only go along with, or follow in its 


Prop. XII. 


GD the horizontal 
rab XXIV. Diſtance of the Point 
Fig, 2, and 3. B, Do the Altitude, 

and DF half the Pa- 
nmeter, being given to find; to find 


the Directions required to hit that 


Point. 
Let the Perpendicular GP be erec. 


ted from the Point G to GD; be- 


S cauſe GD, DB are given, the An- 
ele DGB, and conſequently the An- 
gle GP is given. Let the Angle 
GP be biſected by the Line GN 
meeting D produced in N. Now 
Ji the Points F and N coincide, 
GN will de the Direction ſought 
(by Cor. 3. Prop. XI.) If the Point 
N falls above F, the Point B cannot 
be hit at all with a given Parame- 
| ter or a given Force (by the ſame 
Cer.) But if the Point N falls below 
EF; from the Point F let FR be e- 
rected perpendicular to DF, meet- 


ing GN produced in R; let the Line 


= GR be biſeted in 8, and from 
the Point S let SC be erected per- 
pendicular to GR, meeting FR pro- 
© duced in C. On the Center C, with 
© the Diſtance CR, let a Circle be 
E deſcribed, cutting BD produced to 
EK andL, and if GK, GL be drawn, 
they will be the Directions ſought. 
For it is evident from the Conſtruc- 
tion, that FL and FK are equal, 
and that the Angles LGR, RGK 
are equal alſo; whence the reſt are 
© manifeſt from the 6th Corol. of the 
preceding Prop. Q. E. I. 
The 72 — — another 
ay. From the Point F let FC be 
ere:d perpendicular 
Tab. XXIV. to DF and equal to 
Fig. 4+ BG ; and on the 
Center C, with the 
© Diſtance BF let a Circle be deſcribed 
cutting BD produced in the Points 
EK and L: Then GK and GL will 
be the Directions ſought. 
For CKq— FKq that is, BFq 
— FKq (by Conftrution) is equal to 
CFq or EG- Therefore as BF 
— FK or BK is to BG; fo is 
BG to BF ＋ FK or BL, therefore 


the Triangles K8G, LEG are Gmi. 
hr; (by Prep. 6. Book VI. of Eu- 
44 cheretone the Angles K C8, 


Fall, 


BLG are equal; that is, if GP be 
ereQed perpendicular to GD, the 
Angles KGB, LGP will be equal: 
Therefore if the Angle BGP be bi- 
ſefted as before by the Line GN, 
the Angles LGN, NGK will be 
equal : Therefore (by Corol. 6, Prop. 
XI.) GK, GL are the Directions 
ſought. Q. E. J. 


Coroll, 1. 


From the former Conſtruction 


there flows an Arithmetical Rule of 
ſ.lving the ſame Pro- Tab. 


| : XXIV 
blem; v!z-. putting 8 z - 
for the Sen of the Fg 2. z. 
given Angle BGP,and GD 
V for its verſed Sine V———Ss, 

| DF 


will be equal to the verſed Sine of 
the Difference of Elevations, or of 
the Angle LG K. The half of which 
Angle, if it be added to and ſub- 
ſtracted from the given Angle DGR 
or half its Supplement, to two Right 
Angles BGP, the Sum and the Da- 
ference will be DGL, DGK, the An- 
gles ſought. | 

For DF or GP is the Sine of the 
Arch RKG, that is, of double the 
Angle RCS ; that is, (becauſe of 


the common Complement PRG) of 


double the Angle PGR, or (5y Con. 


Aru.) the Angle PGB. And PR 


is the verſed Sine of the ſame An- 
gle ; and PR-PF the verſed Sine 
of the Arch KR or of the Angle 
LGK. And it will eaſily appear that 
the Angle RGD is half the Supple . 
ment of BGP to two Right Angles» 
Whence the Reaſon of the Rule is 
evident, 


Coroll. II. 


From the ſame Conſtruction flows 
alſo another Arithmetick Rule, by 


which GD, the Angle BGP, and 
either of the Elevations DGK or 


DGL, being given, the Parameter is 
found; for if BGP is given, RG 
is given alſo; from whence DGK 
or I GL being given, RGK is 
given, Let v be the verſed Sine 

8 | 
double RGK, and — GD, will 
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Fall, without making it move faſter than it did before, 
Thus for Inſtance, if two Men of equal Bigneſs ſhould 


be equal to half the Parameter. The 
Reaſon of this Rule is the fame as 
the former, 
Another Way. RGD and one of 
the Elevations being given, the o- 
ther of them is 
Tab. XXIV. given. Wherefore 
Fig- 2, and 3. as the Radius is to 
half the Sum, in 
one Caſe, and half the Difference 
in 'the other Caſe of the Tangents 
of the given Elevations 3 ſo is GD to 
half the Parameter. For DF, or half 
the Parameter is equal to DL DK 


| by Cor. 1. Prop. Xl, 2 


Concerning this whole Matter, ſee 
the famous Dr. Halley's Diſſertation, 
in the Philiophical Tranſaction:; 
and the learned Dr. Keil's Phyſicks, 
where you will find moſt of theſe 
Things largely demonſtrated in ano- 
ther Way. 


Of heavy Bodies falling in a Cy- 
cloid. 


The Propoſuions concerning the 
Deſcent of Bodies in a Cycloid firſt 
found out and demonſtrated, by the 
famous Mr, Hugens, which depend 
upon the forementiened Law of 
Gravity; may very conveniently be 
added in this Place, 


Lemma l. 


Let there be a Circle deſcribed on 

the Diameter AC, which is cut at 

right Angles by DE 

Tab. XXV. from the Point of 

Fig. 1. the Diameter A, let 

the ſtreight Line AB 

be drawn, meeting the Circumfe- 

rence in B, and DEin F, and let 

AB be joined. I fay, AB, AD, AF 
are continual Prop-rtionals. 

For if BD be drawn; the Trian- 
gles ABD, ADF, are fimilar, becauſe 
the Angle A is common, and the 
Angles ABD, ADF, are equal, be. 
cauſe they ſtand upon equal Arches 


Ab, AE. Whence the P. opoſition 
is Evidene | : 


to EG, becauſe of the ſimilar Triang- 


P i | 
art II Cha 
join 


join into 


Point 
laſt be 
much 
finiteh 
of an 
twixt 
Sum e 


Lemma II. 


Let there be any Curve AH con. 
eave on one Side, and let AG be z 
Tangent to it in the Point A. LetAy 


the T 
be a ftreight Line, qual. 
any ways inclined to Tab. XXV. 19 
this Tangent, and Fig. 2. the T 
let BC, parallel to | coinci 
AD, cut the Curve in B, and the that f 


Tangent in C. I fay, if the Arch there 
AB be infinitely ſmall, that Arch betwe 
and the Part of the Tangent, inter. 
cepted betwen the Parailels AD, BC, 
may be looked upon as equal and 
coincident, and may therefore be put 
for each other. 

Let another freight Line touch 
the Curve in the Point B alſo, Tab, 
which meeting the other in E, let 
it be any ways produced, let FG be 
drawn parallel to BC, meeting each 
Tangent produced in the Points F 
and G; and let AB, the Subtenſe of 
the Arch be drawn. 

It is manifeſt ; that the Subtenſe 
AB is always leſs than the Arch, 
and the Sum of the Tangents AE, 
EB, is greater; now if the Point 
B be conceived to approach tv A, 
and during that Motion the Line 
BC is carried always parallel to it 
ſelf ; it is maniteſt that the Angle 
BEC will be perpetually diminith'd, 
till it becomes leſs than any given 
Angle whatſhever z and by that 
Means the Point F will approach 
nearer to G than any given Di. 
tance whatſoever, and therefore the 
Lines EF, EG, will be nearer to 
Equality than any given Difference, 
whatſoever; That is, EF and EG 
may at laſt be accounted as equal, 
Therefore EB and EC (whoſe Ratio 
to each other is the ſame as EF 


let EBC, EFG] and alſo AE+EB 
and AC (Ak being add:d to each 
of them) may be eſteemed equal 
likewite, In the ſame manner, 
may it be ſhewn alſo, that the 
freight Lines "AB, AC, when the 

Point 


I 


; Fig. 3. 
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join Hands and leap together from the Top of a Bridge 
into the River ; we have no Reaſon to think that they 


Point B approaches to A, may at 
laſt be accounted equal alſo; And 
much more therefore may the in- 


| finitely ſmall Arch AB, which is 


of an intermediate Magnitude be- 

twixt the Subtenſe AB, and the 

Sum of the Tangents AE, EB, and 

the Tangents AC be accounted e- 
ual. 

l That the infinitely ſmall Arch and 
the Tangent may de looked upon as 


| coinciding, is evident from hence; 
| that from the Nature of Curvature, 
| there can be no ſtreight Line drawn 


between the Tangent and the Curve 
at the Point of Contact. 


Prop» I. 

Let ARC be a Se- 
Tab. XXV. micycloid deſcribed by 
the generating Circle 
AvD; Let its Ver- 
tex A be turned downwards, and its 
Axis AD be erected perpendicular 
to the Horizon, Let any Point B 
be taken in it, and the ftreight 


Line Bl be drawn downwards from 


thence touching the Cycloid in B, 
and terminated by the horizontal 


E freight Line Al: Let the ftreight 


Line FB be alſo drawn perpendicu. 


lar to the Axis; and on the Diame- 
ter AF let the Semicircle AFH 
de deſcribed. 
Point M in the Curve FA, let the 
ſtreicht Line MS be drawn parallel 
| to BF, which will meet the Circle 
Af in H, and its Diameter in S, 


Then through any 


Let alſo ſtreight Lines be drawn 


touching each Curve in the Points 


M and H. And let MN, HT, be 
Parts of thoſe Tangents intercepted 
between the two horizontal Lines 
MS, NR ; and let OP a Part of the 
Tangent BI, and SR a Part of the 
Axis DA, be included between the 


| lame Parallels, 


TheſeThings being ſo; I ſay, the 


| Time in which a heavy Body will 


run through the ſtreight Line MN 
with an equable Celerity, ſuch as is 
acquired in falling through the Arch 


| of the Cycloid RM ; is to the Time 


that the Kreight Line OP would 


would 


be run through with an equable 
Celerity, ſuch as half that which 
is required in falling through the 
whole Tangent BI; as the Tangent 
HT, it to the Part of the Axis 
SR, 


Demonft, 


From the Point A to the Points 
V and L, in whick the Parallels 
BF, MS cut the generating Circle, 
let the freight Lines AV, AL be 
drawn cutting the Parallels MS, NR 
in the Points K, E, G ; let AH and 
FH be joined, and the Radius QH 
of the Circle AF H be drawn. 

Now becauſe the Spaces run thro” 
with an equable Motion, are in the 
Ratio compounded of the Times 
and the Velocities with which they 
are run through ; it follows, that 
the Times are to each other in a 
Ratio compounded of that of the 
Spaces directly and the Velocities 
inverſely, The Time therefore of 
running through MN, to the Time 
of running through OP, is in a 
Ratio compounded, of the Ratio of 
MN to OP, and of the Ratio of 
half the Celerity acquired by falling 
through AF ; to the Celerity ac- 
quired by falling through FS (65 
the Hypotb. and by Prop. IV. and 
Coroll. Prop. VI. above, concerning the 
Deſcent of heavy Bodies.) Now the 
whole Velocity acquired in falling 
from F to A, is to the Velocity 
acquired in falling from F to 8, as 
FA to FH, (by Prop. 31. Book III; 
and Prop 8. Bok VI. of Euclid ; 
and Prop. Il. above, concerning the 
Deſcent of heavy Bodies.) Half the 
Velocity therefore, acquired in fal- 
ling from F to A, is to the Velocity 
acquired from F to 8, as FQ to 
FH. 
forementioned Times, is compound 
ed of the Ratio's of MN to OP, 
and FQ to FH. But (by the Na- 


ture of the Cycloid) BI is parallel to 
AV, and MN to AL, and there- 


tote GL and K E are equal to _ 


The Ratio therefore of the 
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Part II. 


would fall quicker becauſe they are thus joined together, 
than if they had leaped in ſeparately. This being ſuppoſed; 


OP. Wherefore the forementioned 
Ratio, is compounded of the Ratio 
of GL to KE, and FQ to FH. 
But GL is to EK, as AL to AE, 
that is, as AV to AL, (by Lem. 1.) 
thatis;asy/ At x ADtoy/ AS x AD, 
that is, as V AF to / AS, that is 
as AF to AH, that is, as FH to 
HS. The Ratio of the foremention- 
ed Times therefore, is compounded 
of the Ratio's of FH to HS, and 
EQ to FH, that is, the Times are 
to each other as FQ or QH to 
HS. But it may eaſily be made ap- 
pear from Prop. 18. Book III. and 
Prop. 2. and 8. Bork VI. of Euclid, 
that QH is to HS, as HT to SR, 
The Times therefore of moving 
through MN, OP, with the fore- 
mentioned Cclerities, are to each o- 


ther as HT to SR. Q. E. D. 
Prop. II. 


Suppoſe the Poſition of the Cy- 
cloid ; the Line BF, AF, BI, Al; 
and the Semi- circle FHA ; the 
ſame as in the foregoing Propofi- 
tion: I ſay, the Time of moving 
through the Tangent BI with the 
equable Celerity of half that which 

15 acquired in falling 
Tab. XXV. through Bl, is to the 
Fig. 4+ Time of Deſcent thro' 

the Arch of the Cy- 
cloid BA, as the Diameter of the 
Circle, is to half its Periphery. 


Demonf#, 


Suppoſe as many paralle] Lines 
as you pleaſe, equidiſtant from each 
other to be drawn between FB and 
Al, which will cut the Line FA 
in 8, R, &c.; the Circle in H, i, 
&c. and the Cycloid in M, r, &c. 
its Tangent Bl in O, P, &c. And 
from the Points where each af 
them interſet the Circle and the 
Cycloid, let the Tangents to each 
Curve, HT, MN, ik, rs, bedrawn 
to the following Parallel, as in the 
Ligure. 


ſince 


The Time of moving through 
OP equab y with half che Celerity 
acquired in falling through BI, is 
to the Time of moving through 
MN, equably with the Celerity ac. 
quired in falling through the Arch 
of the Cycloid BM; as SR to HT; 
And the Time of moving through 
PQ with the ſame Celerity as through 
OP; is to the Time of moving 
through r1 with the Celerity acqui. 
red in falling through the Arch of 
the Cycloid Br, as RE to i k, and 
ſo on, (by the preceeding Prop.) 
Therefore ſince every one of the 
equal Times of the equable Mo. 
tions, through the equal Lines OP, 
PQ, Cc. (by Conſtruct᷑.) are referred 
to ſo many other Times of Motion, 
vix. through theTangents of the Cy. 
cloid MN, rf, &c. in the ſame 
Proportion, as the equal Lines SR, 
RE are each of them referred to 
the Tangents of the Circle HT, ik 
&c, The Sum of the former 
Times will be to the Sum of the 
latter Times; as the Sum of the 
former Lines to the Sum of the 
latter Lines. Let therefore the 
Number of the parallel Lines lying 
between a and Al be infinite, 
and let the Tangents to each Curye 
be drawa in the ſame Manner 2 
before, and the Proportion will 
continue the fame» And as by this 
Means the Sum of the Tangent 
of the Circle will coincide with 
its Semiperiphery FHA, and the 
Sum of the Tangents of the Cycloid 
will coincide with its Arch BA ; and 
the Motion through the infinitely 
ſmall Arch of the Cycloid contained 


| betwixt the two contiguous Parallels, 


may be conceived to be the ſame az 
that which was ſuppoſed through 
the Tangents : (by Lem. 2.) It fal- 
lows 3 that the Time of Deſcent 
through Bl with the forementioned 
Celerity, is to the Time of Deſcent 
through the Arch of the Cycloid A 
as the Diameter FA is to its Semi- 


periphery FHA, E. D. 
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ſince it is certain that the different Parts of a heavy 
Body, are as ſo many ſimilar Bodies, none of which 


Prop. III. 


In a Cycloid whoſe Axis is per- 
ndicu!lar ta the Horizon, and 
whoſe Vertex is turned downwards; 
the Time in which a heavy Body 
let fall from any Point of it, will 
arrive at the Vertex, is to the Time 


| in which it would fall through the 


Axis of the Cycloid, as half the 
Circumference of the Circle, is to the 
Diameter : And therefore the Times 
in which a heavy Body let fall 
from any Points whatſoever will 
arrive at the Vertex, are equal to each 
other. 


Let ABC be a Cycloid, A the 


| Vertex turned downwards, AD the 
| Axis perpendicular to the Horizon 
And let a heavy Body be let fall 


from any Point B; Let BI be a 
Tangent to the Point 
B, meeting the ho- 

_ rizontal Line Al in 
I; and from the ſame 

Point B, let the Line BV be drawn 


| parallel to CN, meeting the genera- 


ting Circle in V, and let AV be 


| joined. 


The Time of Deſcent through 
the Arch of the Cycloid BA, is 


to the Time of Deſcent in the 


Tangent Bl with an equable Cele- 
rity equal to half that which it 
would acquire in falling through 
Bl ; as half the Periphery of the 
Circle, is to the Diameter (by the 
preceding Prop.) But the Time of 
Deſcent through BI, is equal to the 
Time of irs Deſcent by a natural 
Acceleration along th: ſame BI, (by 
Prep. III. of the Deſcent of beauy 
Bedier) or along VA, which is pa- 
rallel and equal to BI: (by the Na- 
ure of the Cycloid.) Ani the Time 
of Deſcent along VA, is equal to the 
Time of Deſcent along DA; (45 
Prop, V. of the Deſcent of beauy 
Bodies.) Therefore the Time of 
Deſcent along the Arch BA, is to the 
Time of Deſcent through the Axis 
DA; as half the Periphery of the 
Circle, is to the Diameter. 

And fince the Time of falling 
through the Axis is given; and has 
the ſame Proportion to the Times 
of Deſcent through any Arches of 
the Cycloid to the Vertex; it is 


have 


evident that all thoſe Times of De- 
ſcending muſt be equal to each others 


E. b. 
| Corall. 


It is manifeſt, that when the 
heavy Body comes at the Vertex, 
its Motion continuing, it muſt in 
aſcending deſcribe an Arch of the 
Cycloid in the ſame Time, equal 
to that deſcribed in deſcending z So 
that the Time of its whole Moti. 
on, will be to the Time of its De- 
ſcent through the Axis, as the Cir- 
cumference of a Circle to the Dia- 
meter. See Hugen's Horol. Oſcil Part 
II. from Prop. 16. to the End of that 
Part. 

The Equality of the Times in 
which a heavy Body, let go from 
any Point of a Cycloid, comes to 
the Vertex of it, may alſo be de- 
monſtrated in the following Man- 
ner. 

Let a Body be impelled in the 
Line AC, towards the Center C, 
with an accelerative Force, which 
is every where as the 
Diſtance from C. I Tab. XXVI. 
ſay, that from what Fig. 1. 
Point ſoever of the 
Line AC, the heavy Body is let fall, 
it will come to the Center C in the 
ſame Time. 

Suppoſe any Line ac unequal to 


AC; and let either of them, as AC 


be divided into as many equal Parts 
as you will, AB, BG, GC: Let 
the other Line ac be divided into 
as many equal Parts, ab, bg, gc. 
Let us imagine the ſuppoſed Force 
to act only in the Beginnings of 
theſe Parts, fo that each of them 
may be run through with an equa- 
ble Motion» And let two Bodies, 
impelled by that Force, begin to be 
moved together, from the Points A, 
a, towards C, c. Now becauſe the 
Celerities with which the Parts. 


AB, ab, are run through, are as. 


the Forces with which the Bodies 
are impelled in the Points A, a ;- 
And theſe Forces are to each other 


(by the Hypith.) as AC to ac, or 
as AB to ab; Therefore AB, ab, 
will be run through in the lame 


Time, Let the accelerative Force 
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have more Tendency to deſcend quicker than the other; 
we muſt conclude that they will all deſcend together with 


aft again with a ſecond Impulſe 
in the Points B, b: And becauſe 
the Increments of the Celerities are 
proportionable to the Impulſes, or 


to the accelerative Forces, that is, 


to the Lines BC, be; (by the Hy- 
Potb.) or to AC, ac; or to the Ce- 
lerities generated by the firſt Im- 
pulſe, the whole Celerities after the 
ſecond Impulſe, will be proportion- 
able to the Celerities after the firſt 
Impulſe ; therefore the Lines BG, 
b g, equal in Proportion to the 
former, will be run through in the 
ſame Time. For the ſame Reaſon 
the Lines GC, gc, will be run thro? 
in the ſame Time, after the third 
Impulſe. Let the Number of equal 
Parts in the Lines AC, ac, be in- 
creaſed infinitely, and conſequently 
their Magnitude diminiſhed in the 
fame Manner; ſo that the Bod es 
may be continually impelled by the 
ſuppoſed Law of Acceleration; and 
the ſame Reaſoning will hold good. 
Wherefore in this Caſe, the Times 
of Deſcent through AC, ac, are 

equal. Now let ABC 
Tab. XXVI. be a Cycloid, whoſe 
Fig. 2. Axis AD is perpendi- 

cular to the Horizon, 
its Vertex A turned downwards, and 
the generating Circle AHD. Let 
the heavy Body be placed in any Point 
of it, as B; and let BG be drawn 
perpendicular to the Horizon, BF a 
Tangent to the Cyclcid in the Point 
B, and FG a perpendicular to the 
Tangent ; fo as that they may form 
the Triangle BGF. Let the Force 
of Gravity, whoſe Direction is ac- 
cording to the Line BG, be reſolv- 
ed into two other Forces BF, tG; 
of which two Forces, it is the Force 
BF only by which the heavy Body 
is impelied in the Point B to deſcend 
in the Cycloid ; the other Force FG 
is taken off by the Reſiſtance of the 
Tangent or Curve. Now if BH be 
drawn parallel to CD, and meet the 
generating Circle in H and AH, 
DH be joined; then becauſe Br is 
parallel to AH (5y the Nature of 
the Cycloid) and BG parallel to DA 
( by Conſtruct.) and the Angles F 
and II Right Angles, therefore the 
Triangles BFG, AHD, are bmi. 
lar. Wheiefore, as Be is to ; 


the 


that is, as the Force with which 
the heavy Body is impelled in 5, 
is to the Force of Gravity; fo is 


HA to AD. Wherefore becauſe 


the Force of Gravity is given; the 
Forces with which the heavy Body 
is impelled in every Point of the 
Curve, are to each other, as the 
Lines AH, that is, as the Arche 
of the Cycloid AB, which (/ the 
Nature of the Cycloid) are double 
the Lines AH. The Forces there- 
fore with which a heavy Body 
deſcending through the Arch of x 
Cycloid, is impelled, are as its 
Diſtances from the Vertex A 
Wherefore from what Point ſoever 
it is let fall in it, it will come 
to the Vertex in the ſame Time, 


Q. E. p. 
Prop. IV. A Problem. 


To make the Vibrations of a given 
Pendulum to be all performed in the 
ſame Time; or to make a Pendulum 
vibrate in a Cycloid. 

Let CF the given Length of a 
Pendulum, be perpendicular to the 
Horizon; which being bilected in G, 
and DCI drawn perpendicular to it 
through C; let two Semi- cyclcits 
be deſcribed from the 
Point C, by a gene- Tab. XXVI. 


rating Circle, whoſe Fig. 3. 


Diameter is CG, and 

let their Baſes be CD, CI, and their 
Vertexes A, N. Let AN be join» 
ed, which will be parallel and equal 
to Dl, and will therefore be the 
Baſe of a whole Cycloid deſcribed by 
the ſame generating Circle as CBA, 
CN. Let this Cycloid be AFN- 
Now if a heavy Body be hanged in 
F upon a Thread CF or any ſuch 
Thing which will bend; and ſo oſcil- 
late upon the Center C between the 
Semicycloids, CBA, CN, that when. 
ever it moves from the Perpendicu- 
lar, the upper Part of the Thread 
may bend upon that Cyclo.d towards 
which the Motion is made, and the 
remaining Part which is not applied 
to the Cycloid, be ſtretched out in 
ſtreight Line; I ſay, the heavy Body 
will always be found in the Cyc!oid 
AFN, | 


D. moſt, 
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the fame Celerity that any one of them would: From 
whence it evidently follows ; that a heavy Body of a 


Demonſtration. 

Let the generating Circle of the 
Cycloid AFN be deſcribed on the 
Axis GF ; and from the Point E 
where the heavy Body is, when re- 
moved from the perpendicular, let 
EL be drawn parallel to AG, meet- 
ing that Circle in L, and let GL be 


| joined, From the Point B, (in which 
| the Thread EB touches the Cycloid 


1 upon the Arch CB) 


CBA, the remaining Part being bent 
lex BH be 


| drawn parallel to AG alſo, meeting 
| the generating Circle AHD in H; 
| and let AH he Joined, 


The whole Length of the Thread 


| CBE, is equal to twice AD; (by 


Conſtruction.) Therefore it is equal to 
| the Semicycloid CBA; ( by the Na- 
ture of the Cycloid) and the part of 
| the Thread CB is equal to the Arch 
$ CB, to which it is applied: There- 


| fore the remaining partof it BE, is 


— xe, 


equal to ths remaining Arch BA, 


and is therefore equal to twice the 


| freight Line AH; (by the Nature of 
| the Cyclatd.) It alſo touches the Cy- 


| cloidin B; therefore (by the Nature 


of the Cycloid) it is likewiſe parallel 


to AH; Therefore AH and BK are 


equal, and therefore BK and KE are 


equal alſy : Therefore the parallels 


{ EL and BH are equally diſtant from 


AG ; Therefore they cut oft equal 
Arches of the generating Circles, 


| viz. GLequal to AH and LF equal 


to HD : Therefore GL and AH 
are parallel ; and thergfore GL and 


| KE are parallel; and therefore EL 
is equal te KG. But KG (becauſe of 


tbe parallels HA, KB, end by the 
Nature of the Cycloid) is equal to the 
Arch HD, that is, to the Arch LF ; 
therefore EL is alſo equal to the 
Arch LF; Therefore (6y the Na- 
ture of the Cycloid) the Point E is in 
the Cycloid AFN. Q E. D. 
Coroll. I, 

Since it appears that the Extremity 
E, of a Pendulum vibrating between 
the twa Cycloids CA, CN, deſcribes 
the Cycloid AFN equal to either of 
them ; and from its ſodeſcribing it, it 
is manifeſt that the very ſmall parts 
of the Curve taken on each Side the 
Vertex F, do nearly coincide with 
very ſmall parts of the Circle taken 
on each Side the ſame Point F; 
Hence it follows, that the Times 


Va k 6 | 


the ſmalleſt Vibrations of a Pendu- 
lum oſcillating in a Circle, are alſo 
very nearly equal to each ather; and 
have very nearly the ſame Ratio to 
the Time of the perpendicular Fall 
through half the Length of the Pen- 
dulum; as the Circumference of 2 
Circle has to its Diameter. 
Coroll. 3. 

Hence alſo appears a Method of 
determining the Space thro' which a 
hegvy Body runs, in falling perpendi- 
cularly, in a given Time. For the 
Ratio of the Time of one Oſcillati - 
on, to the Time of ths Fall thro” half 
the Length of the Pendulum, is gi- 
ven. By finding therefore the Time 
in which a Pendulum of any given 
Length performs a fingle Vibration; 
the Time of falling thro? half the 
Length of the ſame Pendulum, is 
given, Whence (by Prop, II. of tbe 
Deſcent of beavy Bodier) the Space 
which it will run thro' by falling ia 
any other given Time, is collected. 

Coroll, 2 
Hence alſo may be found a Me- 


thod of determining an univerſal and - 


rpetual Meaſure of Magnitude. 

or the Law of Gravitation, upon 
which the foregoing Propoſtions de- 
pend, beiag allowed; a 
the ſame Length, will always and in 
all Places , perform ſome certain 
Number of Vibrations, in a given 
Time, This Length therefore ma 
be made an univerſal and u 
Meaſure, becauſe it can always be de - 
termined by Experiments. Whence 
it follows, that having once deter- 
mind the Proportion Which the 
Mzaſures of the Magnitydes, in any 
Nation, bears to that Length; what 
the — of thoſe Meaſures is, is 
eafily known at any time · Now the 
Length of that Pendulum may be de- 
termined, by obſerving how mayy. 
Oſcillations,in that given Time, ano- 


ther Pendulum of any Length, per - 


forms. For the Lengths of Pendu - 
loms are to each other, as the Squares 
of the Times in which a ſingie Oſ- 
cillation is made; (by Prop. III. 
Preced. and Prep II. of the Deſcent of 
heavy Bodies ) and therefore they 
are teciprocally as the Jquare of the 
Number of Oſcillations made in the 
ſame Time. See Hugenius"s Horgl, 
Oſcil, Par. 4. Prop. 25. and 26. 
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hundred pound Weight, for Example, will not deſcen ap 
quicker than another Body which weighs but one Pound, W Time 


or that if there be any difference, it is imperceptible, I nd t! 
And this is confirmed by Experience, contrary to the 
Opinion of Ariſtotle and a great many other Philoſo. as wel 
phers, who were perſuaded, that the heavier a Body i, WM falls 
the quicker in Proportion does it fall, | 


OFT Uo I USL Oo e TIO eo 


ty H A P. the Laſt, 
Of the Flux and Reflux of the Sea. 


1. What it I HAT which we call the Flux and Reflux of the 


2 Sea, is a particular Motion of its Waters, which i; 
Reflux of the found to be regular and certain, though the Time and 


Se Manner is not the fame in all Seas, 
2. That the 2. We obſerve upon the Coaſts of France, that the 
Sea flows Water of the Sea runs at certain Times from South to 
SE gre North ; which Motion is called the Flux of the Sea; it 
ebe Coaſt of continues about Six Hours, during which Time, the Se 
France. ſwells gradually, and riſes upon the Coaſt entering into 
the Channels of the Rivers, and forcing the Waters back 
towards their Springs. 
3. Thatthe 3. After theſe Six Hours in which the Sea continue 
_ e6b: for to flow); it ſeems to ſtand ſtill for about a quarter of an 
cp Hour; and then it changes its Courſe and runs from 
A. North to South for Six Hours more; during which time 
the Waters on the Coaſt abate, and thoſe in the Rivers 
£0 in their uſual Courſe as their Channels dire& them, 
This Motion is called the Reflux of the Sea; after 


which it ſeems to ſtand ſtill again for about a Quarter of W 


an Hour, and is then ſucceeded by a Flux and after that 80 
a Reflux as before. | ce! 
4. That the . 4. Thus the Sea is obſerved to riſe and fall twice every 
Jide is abcut Day but this does not happen exactly at the ſame Time, co 
Eſiy Mi- becauſe it takes up more than twelve Hours from one ca 
= = Flux to another; and if we would know exactly how 
er da, of long Time it takes up; we muſt obſerve it a great many fi 
Days together, and then it will appear, that the Flux of ſh 
it falls about fifty Minutes later every Day than other. 80 cc 
that if we ſuppoſe the Sea begins to riſe any Day at Noon, al 
it will not begin to riſe exactly at the ſame Time the next R 
Day, but about fifty Minutes later, that is, three Quar- \ 


ters of an Hour and five Minutes later, 5, Now 


tible 
| the 
loſo. 


the Moon draws nearer to its Conjunftion or Op- 
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5. Now becauſe there is juſt the ſame Difference of 5- That rhe 
Time in the Moon's being in the Meridian 'one Day, 23 
and the Day following; we may affirm that the Seater as the 
riſes as often as the Moon paſſes through the Meridian, i in 


33 well below as above the Horizon; and alſo that it ar % "4 


an and in 


| falls as often as the Moon is in the Horizon, as well 76 Horizon. 


when it ſets, as when it riſes, 
6. We obſerve alſo another conſtant Agreement be- 6. Thar the 


| twixt the Moon and the Sea; and that is, that though 7 47. 


. . c reater at 
the Sea increaſes every Day, it does not increaſe every the New 


alike; but the Tides are ſo much the greater as and Full 
Day : Moon than 
in any other 


poſition, and fo much the leſs, as it is nearer the Qua- Part of ab. 
| Month, 


dratures. 


7. Laſtly, The Increaſe of the Sea is ſenſibly greater 5. Thar tb. 
at thoſe new and full Moons which happen neareſt the Tides are 


| Equinoxes than in any other part of the Year. (greateſt of 


all near the 


8. Very near the ſame Thing hath been obſerved in Zguinaxes. 


| all the Coaſts of Europe that are upon the main Ocean; 8. How the 


Tides are 


but the Flux is fo much the greater, and happens fo „. wpen 


much the later, as the Coaſt on which it is, is more particular 
northerly; and on the contrary it is leaſt of all and ſcarce = of the 


ſenſible between the two T ropicks. 


9. The Mediterranean Sea does not ſwell at all, 9. Hee ie ir 


except at the Bottom of the Gulph of Venice, that is, in the le- 


at Venice itſelf and the Neighbouring Places; every ®*rrancans 
where elſe there is nothing to be ſeen, but the common 


Motion along the Shore. "TY 2 
10. The Baltich, the Euxine Sea, and the Dead Sea 10. That in 
in Aha, have no Flux or Reflux at all. r 


there 1s no 


11. Notwithſtanding what ſome have writ about the %% 4 %. 
Euripus ; it is very certain, that nothing elſe is to be per- 11. That the 
ceived in all the Archipelago, but particular Currents of _ in tbe 
Water, which ſometimes go North and ſometimes . 8 

» 8 are 
South, without ſwelling, and without obſerving any uncercain, 
certain Rule, 1 | 

12, As to what the Tides are in other Seas, the Ac- 12. That the 
counts which we have are ſo very imperfect, that we — _— 
cannot at all depend upon them. tain in other 

13. After all theſe Obſervations which have been con- {ts tb 
irmed by the continual Experience of many Ages, I 1. Be per- 
ſhall not throw away the Time in needleſsly relating and wealar Fi. 
confuting the different and whimſical Opinions of the gure gow 
antient and modern Philoſophers, about the Flux and jt. 
Reflux of the Sea; but I ſhall endeavour to deduce this rab. xIv. 
Motion directly from its true Cauſe, and to account fis. 2. 
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for all the different Obſervations. Let us ſuppoſe then, 
that in the following Figure, the Oval AB CD repre- 
ſents the Vortex, in the Center of which is the Earth 
EF GH. The Circle AL repreſents the Body of the 
Moon ; The Line A C the Place where the Moon i; 
at the Time when it is New or Full; and the Line BD 
that where the Moon is in its Quadratures, © 
T4- Thatthe 14. Now, if we imagine the whole fluid Matter, 
Phang *be which ſurrounds the Earth, and reaches from the Sur- 
which iz face of it, further than the Moon, to be divided into a 
diretily un- great wt! Strata, or Beds ; we ſhall ſee that that which 


2 jon is about N having but a ſmall Circuit to make from Weſt 


ſed upon by to Eaſt, will finiſh its Revolution almoſt in the ſame Time 


tbe fluid as the Earth; but the Matter which is in O, will take up 

— more Time to finiſh its Revolution, and the Matter in 

Fig. 2 O will take up ſtill more. Further, if we go on to 

l imagine the Matter, which is contained between the two 

Superfices ML, DA, by which the Moon is carried 

about the Earth, to be divided into two Parts; one of 

which is below the Center of the Moon marked I, and 

conſequently nearer us, the other above its Center; we 

ſhall ſee, that the Matter which is below, and which cor- 

reſponds to that half of the Moon which looks towards 

us, moyes quicker from Weſt to Faſt, than the Matter 

which is higher; ſo that the Moon being carried along 

by a fluid Matter, ſome Parts of which move ſwifter 

than others; its Celerity muſt be a Medium betwixt that 

of the higheſt and that of the loweſt fluid Matter. All 

the Matter therefore which is in the Space OP, which 

is on this Side the Moon, moves ſwifter than the Moon 

itſelf from Weſt to Eaſt, and comes ſooner to the Space 

EL, where its Paſſage being ſtraightned by the Hemiſ- 

phere of the Moon, it is forced to run ſwifter than in 

any other Place: And becauſe all Bodies, the ſwiſter 

they move, the greater Impreſſion do they make upon 

other Bodies againſt which they preſs; it is evident that 

the whole Matter which moves about the Earth, ought to 

| preſs more upon It in that Part which is directly under the 
Moon, than in any other Place. . 

rs. Wat it 15, Moreover, ſincę it is certain that there is nothing 

2 * to ſupport the Earth, but its Place is determined wholly 

„rde op. by the equal Preſſure of the Matter which incompaſles 

alias Paints it; therefore we cannot imagine but that if that Part of 

| the Earth which is directly under the Moon, be more 

1 5 preſſed upon than any other Part, it will cauſe the Earth 

to move a little out of its Place, and to go fo far 5 

* IR 3 a wat : 


Jil 


hen, 
pre- 


1 Is 
ter, 


we 


me 


led 


| reaches from the South almoſt as far as the North Pole, 
| The Water therefore of the Ocean which is near the 
| Equator, ought to flow from South to North, and to 
beat upon the Shore; and becauſe the Waves which go 


>; 


Chap. 29. of NATURAL PHILOSOPHY. 11 


wards R, which is on the oppoſite Part of the Earth to 

the Moon, till the Place G is as much preſſed upon by 

the fluid Matter againſt which it moves, as the Place 

is by the Air which is forced upon it. 1 „ root 78 
16. The Air therefore preſſes upon the Places E and 16 Ar Er- 
Gas if it was heavier there than any where elſe; and 5, Fur of, 


' becauſe theſe Places are within the Torrid Zone; it fol- and Reflux 


lows, that if there be any large Sea there, the Preſſure 7 6, Sea 


n toe 


| of the Air, muſt cauſe a Motion in the Waters of it, Got f 
| from the Equator towards the Poles. Now the Ocean France. 


extends itſelf over the greateſt Part of the Earth, and 


firſt, are ſupported by them that follow, the Sea muſt 


| ſwell in thoſe Places. And afterwards, when by the 

Earth's turning, the great Preſſure remains no longer 
| upon the Place where it was,; the Waters will ſubſide by 
| their own weight into the Place which they were forced 
| - of, ſo that the Sea muſt then decreaſe upon the ſame 
| Coaſts, 5 


17. That Part of the Ocean whoſe Waters are forced 17. Way 
upon our Shores, is once every Day directly under the =. <P 


Moon, and once oppoſite to it; wherefore the Sea ebbs Day. 
| and flows twice every twenty-four Hours; 


18, If the Moon had not the Motion which it now 18. Fr « 


has from Weſt to Eaſt, the Flux and Reflux of, the ir fey Mie 


dea would happen every Day exactly at the ſame Time, every Days 
and alſo twice a Day ; becauſe the Earth by turning 
about, would bring the ſame Place of the Ocean directly 
under the Moon, every twenty-four Hours, which 


| twelve Hours before, was in the oppoſite Side to it: 


but becauſe the Moon advances twelve Degrees and a 
half towards the Eaſt every Day, it follows, that wheri 
the Earth has gone round, it muſt go twelve Degrees 
and a half more before the ſame Place in its Superficies 
will be under the Moon again. And this is, the Reaſon 
why the Flux of the Sea happens fifty Minutes later 
every Day, and that there is five and twenty Minutes 
Difference between the Time of one Flux and that im- 


mediately ſucceeding. _ , ® | 29.25 cb. 
19. It is further evident, that one and the ſame Tide _— _—__ 


ought to happen later, the more northern the Coaſt is; later and 


becauſe, the Water flowing from South to North, the acbb r- 
ger, the mare 


d:lling mut fick be perceived in thoſe Places which bern the 
H 3 are Crafts arcs 
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ars neareſt : And, becauſe the Water which runs along 
the Coaſts which are about the Torrid Zone, have ; 
free Paſſage towards the Poles, and are no where hindre 
till they come to the northern Coaſts ; hence it is tha 
the Flux of the Sea is ſo much the greater, the more re. 
mote any Place is from the Equator, 
26. Why the 20. When the Moon is at the New or Full, then it 
Yidsare Place is in the Diameter AC, which is the leaſt Diame- 
2 ter of the Earth's Vortex; and becauſe the Diameter 
Fell Moon. Of the Earth, bears a greater Proportion to the Diameter 
Tab. XIV. AC, than it does to the Diameter BD where the Moon 


Fig 2 | is in the Quadratures; therefore at thoſe Times it mu 
neceſſarily cauſe the Air which incompaſſes the Earth to 
be conſiderably more compreſſed than at any other part of 
the Month; and fo the Waters muſt be driven toward; 
the Poles with greater Force ; whence it follows, that the 
Tides ought to be bigger at the New and Full Moons than 
at the Quadratures, 
21. Why 21. When the Moon is in Conjunction or Oppoſition tha 
Es to the Sun, near the Times of the Equinoxes, it is then Ba: 
e Equi- in the Beginning of the Signs Aries or Libra; and be- 
— cauſe the Circle which it deſcribes at this Time, corre- pic 
ſponds to the Equinoctial Circle, and conſequently is cea 
the largeſt that it can deſcribe about the Earth; therefore lag 
it muſt preſs upon the Air, and force that more perpen- co 
dicularly upon the Earth than at any other Time: And ſix 
this Action or Impreſſion upon the Waters muſt add ſome- de 
thing to the Effect which the Moon generally has, at the th 
New or Full; ſo that the Waters ought at thoſe Times di 
to be driven with a greater Force, and in a more than 01 
ordinary Quantity againſt our Coaſts, and thereby increaſe re 
the common Effects produced by the Moon; that b, ſi 
make greater T ides. 
22. That the 22. If we add to what has been already ſaid concern- 0 
— er ing the Tides, that the Winds may ſometimes conſpire l 
f e with and accelerate the Motion of the Water, and at ! 
Zidei. other Times be contrary to and retard it; we ſhall have ! 
an exact Explication of all the Particulars which Seamen | 
have obſerved concerning this Phxnomenon, which has : 
at all Times been eſteemed very difficult, 


23. Ny be 23. But in order to determine ſomething of what | 


| Mconwoen ought to be in other Places; we muſt conſider that the | 


3 AN Motion of the Waters of the Sea, depends upon this ; 


River1 and that in a large and vaſt Extent of Sea, there are ſome 
Later fanſes Places which are very much preſſed upon by the Moon, 


zo Fluxes 


and Reflux. and others Which are not preſſed upon at all; and _ 
| | ks 


83 in tte. 
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makes the Waters ſpread themſelves to thoſe Places 
where they are not preſſed If therefore there be 
any Waters which are but of a ſmall Extent, though the 
Moon preſſes upon the whole of them, yet becauſe that 
Preſſure is every where alike, they can neither rife nor fall. 
Now the Rivers and Lakes which are between the Tro- 
picks are ſuch Sort of Waters as theſe; the Extent of 
them is very inconfiderable, compared with the Body of 
the Moon which paſſes over them ; and therefore we do 
not find any Flux or Reflux in them. 

24. As to thoſe Lakes and Rivers which are beyond 24. Wy 
the Tropicks, there is ſtill greater Reaſon to believe that ue. al Saad 
they ought not to have any Tides at all ; neither ought Fins of 
the Seas there to have any, unleſs they have ſome Com- Refaxs 
munication with the Ocean, and not then unleſs the 
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| Paſſage be very ftreight : For the Moon never paſſes di- 


rectly over theſe Waters, and therefore they cannot be 
preſſed by it: Wherefore we are not to think it ſtrange 
that the Dead Sea in A/ia, and the Euxine Sea, and the 
Baltick in Europe have no Flux and Reflux. 
25. The Mediterranean Sea, which is beyond the Tro- 2;. #ty 


pick, has indeed a very free Communication with the Q- '#-7e 1 no 


cean by the Streights of Gibraltar : But becauſe this Paſ- —— in 
ſage is not above three or four Leagues over, it is a very in- te Medi- 
conſiderable Quantity of Water only that can enter in Tran 
fix Hours, if we conſider the Depth and Extent of this 

Sea, Further ; no ſooner do theſe Waters advance, but 

they meet with a wider Sea, the Coaſts of which are ſo 

diſpoſed, as to make the Water glide along by the Land 

only : So that we obſerve only a fimple Motion or Cur- 

rent of Water in the Mediterranean, without any ſen- 

lible Swelling. 

26. However, the Waters which enter into the Gulph 26. #5y 
of Venice, after having glided along the Coaſt, ought at % Fater 
laſt to come to the Bottom of the Gulph, where by fal- cho 
ling upon and ſupporting each other for ſome Time, they Venice. 
muſt increaſe in the ſame Manner as the Ocean does, on- 
ly they cannot riſe to ſo great a Height. 

27. As to the Archipelago ; That is at ſuch a Diſtance 27. ar 
from the Streights of Gibraltar, and is withal ſo inter- ere ougbt 
rupted by the Iflands which divide the Water, that it 7, 2 7 
cannot receive any Quantity of Water ſufficient to make h, wt in 
it ſwell ; for which Reaſon, we ought not to perceive any te Archi- 
Flux or Reflux there, as we do in the Gulph of Venice; Pelass. 


and this is confirmed by Mariners who frequent this Sea. 
28. It 


H 4 


as 9 
% -— mM. ao —— — * 
he. 
"eo Cx 


120 ROHAULT's Svsrei 


Cauſe of the 
Cauſe of t 
Motion of 


Part if, 


28. It is very true, that there are Currents of Water 
ſeen in this Sea, which moves ſometimes South and 


the Waters ſometimes North, without obſerving any Rule: But 
in the Ar- there is Reaſon to think that the Cauſe of the Motion 


chipelago, 


of theſe Waters towards the South is this ; that the 


Euxine Sea, which is but of a ſmall Extent, is conti. 
nually receiving the Waters of a great many large River, 
which it diſcharges itſelf of by the Archigelago into the 
Mediterranean : And that which cauſes the Motion of 
them towards the North, is the South Wind, which 
blows ſo very ſtrong ſometimes, as to drive the Water 
back, and to ſupport it, till the Quantity of it is become 
ſo great, that its own Weight forces it to go in its uſual 


rſe 
29. If there 
be any other 


29. There may be ſome other Particulars obſerved 


Particulars concerning the Flux and Reflux of the Sea, beſides thoſe 
yemaining, already mentioned; but whatever they be, the Reaſon 


they may be 


comprebended of them will be found to be eomprehended in what has 
in <vbat bas been before faid : For when (1) the principal Difficulty is 
been already once got over; the ſame Foundation upon which that has 


ſaid. 


been cleared, will of Neceſſity give Satisfaction in all o- 


ther Circumſtances which depend upon particular Cauſes. 


(1) The eng a Difiiculty is once 
of over, &c.) The univerſal Gra- 
vitation of Matter being allowed ; 
{> that the Earth gravitates towards 
the Moon, and the Moon towards 
the Earth, and all the Parts of them 
towards each other; the Phznome- 
na of the ebbing and flowing of the 
Sea is very clearly explained by the 
learned Dr. Hally, from the Prin- 
tiples of the famous Sir Iſaac New- 
con; the principal Heads of whoſe 
Diſſertation upon this Subject, I 
ſhall here briefly explain» 
Firſt then, fince the Superficies of 
the Earth and Sea is round of it ſelf, 
if the Moon A be 
Tab. XIV. perpendicularly over 
Fig. 2. any Part of the Su- 
perficies of the Sea, as 
E; it is evident that the Water in 
E, which is nearer the Moon, than 
any other Part of the Earth and Sea 
in the Hemiſphere FPH, ought to 
gravitate more towards the Moon 
than any of thoſe other Parts; fo 
that that Water muſt by this Means 
be lifted up towards the Moon, that 
I, be lghtcr than uſual and ſwell in 


Having 


FE. So l.kewiſe on the other Hand | 
becauſe the Water in G, is further 
oft from the Moon, than any of 
the other Parts of the Sea and Land 
in the Hemiſphere FGH : it muf 
gravitate towards the Moon leſs than 
any of them, that is, it ought to be 
lifted up the contrary Way, and to 
ſwell in G. By this Means the Su- 
perficies of the Ocean muſt neceſfas 
rily gather itſelf into an oval Figure, 
whoſe longer Diameter is EG, and 
the ſhorter Diameter FH. Ad 
ſince it is further manifeſt, that the 
Swellings of this oval Figure ought 
to alter every Day, according to the 
Moon's Motion, it is evident that 
the diurnal Fluxes and Refluxes of 
the Sea may be moſt clearly ex- 
plained in this Manner. 

Secondly, Becauſe at the Conjundti - 
ons and Oppoſitions of the Sun and 
Moon, the Gravitation of the Water 
towards the Sun conſpires with ity 
Gravitation towards the Moon but it 
the Quairatures, the Water which is 
lifted up by the Moon, is depreſſed 
by the Sun, and that which is lifted 
vp by ide Sun, is deprefled by the 

Moon : 
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Having now given a Deſcription of the World in 
general; and ſpoken to two or three of the principal 
Effects which depend upon the Compoſition of it, I 
come now to thoſe Parts which are nearer us, and to 
treat of terreſtrial Things, particularly of the Earth itſelf, 


and what is produced upon it. 


Moon: Therefore the grerteſt 


Tides are thoſe which are made in 
the Conjunctions and Oppoſitions, 
and thoſe at the Quadratures are the 
leaſt. But the Force which the Sun 
has to move the Sea, is much leſs 
than the Moon's Force; becauſe tho? 
i* be ten *hcoſand Times bigger than 
the Earth and Moon together, yet by 
reaſon of its immenſe Diſtance, the 
Earth's Semidiameter bears no Pro- 
portion to it. 

Thirdly, Becanſe about the Time 
of the Equinoxes, the greateſt Tides 
(0/2, thoſe which are made at the 
Conjunction and Oppoſition of Sun 
and Moon, ) are cauſed by the Sun and 
Moon when they are both in the Equi - 
noctial; but thoſe at the Time of the 
Solſtices are made by the Sun and 
Moon when they are in theTropicks; 
therefore thoſe greateA Tides are dig - 
ger at the Bquinoxes and leſs dt the 
Solſtices: Becauſe the larger the 
Circle is in which the Waters revolve, 
the greater muſt the Agitation of 
them be; and if the Moon ſtood ill 
in the Pole, the Tides or the Swell- 
ing of the Waters would continue 
iffimoveabſe abut the Poles. 

F.urthly, Becauſe theſe Tides are 
lit le altered by the L'bration of the 
Waters, which are apt to retain the 
Motion impreſſed upon them, there- 
fore the greateſt Tides of all, do 
not happen exactly at the Conjunc- 
tion and Oppofition of the Sun and 
— but generally about three Tides 

ter. 

Fifibly, Becauſe the Sun is a little 
nearer the Earth in the Winter than 
it the Summer, therefore the greateſt 


ExuinoRtial Tides, arc obſerves to be 


thoſe which happen a little before 
the vernal Equinox and a little after 
the Autumnal Equinox. | | 
Siætbiy, Becauſe in every diurnal 
Revolutibn of the Moon, the greateſt 
of the two Tides, ought to be that 
in which the Moon approaches near- 
eſt to the Zenith or Nadir: Ther: 
fore in our Climates, when the Moon 
is in the Northern Signs, that diurnal 
Tide which is made when the 
Moon is above the Horizon, is a 
little bigger than the other; and 
when the Moon is in Southern Sign?, 
the Tide which happens when' the 
Moon is below ths Horizon, is the 
biggeſt, 

All other Phenomena of the 
Tides, which according to the dif- 
ferent Latitudes of the Places, the 
Shallows, Bays, Streights of the Seas, 
and different Tides beaten batk from 
the Shores and meetiiig together 
are infinitely various; may be very 
eaſily explained by this Theory, it 
we have a true Notion of it in ovt 


Minds. See the Philoſophical Tran 


actions, N. 226 8 

This is the Opinion of the famchs 
Sir Iſaacs Newton concerning the 
Tides, which Kepler, by a furprifingly 
probable Conjecture, had ſome No · 
tion of, before it was clearly found 


out. If, fays he, the Earth ſoul 


ceaſe to attract its own Waters to 
it : All the Water in the Sea 
end be lifted up and run into 
the Moon: 1he Sphere of attractiut 
Vertue which is in the Morn, reaches 
as far as the Earth, and draws uf 
the Waters ander the Torrid Zone, 
Se. See his Introduftioa to the 
T heory of Mart. : f 
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S 
Of the EARTH. 


1. Tat wwe 
are natural. 
ly led to in- 
guire more 
dif infty in- 
te thoſe 
Things 
which are Was 


LO HE Univerſe contains an infinite Num- 


a clear and diſtinct Knowledge, but 
only an imperfect and confuſed Ne- 
tion of them, whereby they art 
near us, tban A onl lumi 1 | 
Fw „as luminous or tran! 


that are at Wherefore we generally think that we have + (-- 
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Knowledge of theſe Things, if we can find out what 
That is in them which is the Original or Cauſe of theſe 
two Qualities which we obſerve to belong to them. 
But it is not ſo with reſpect to the Earth, and the 
Bodies which are contained in it, or which are v 
near to it: For theſe being within the Reach of all our 
Senſes, we can examine them a great many different 
Ways, and thereby obſerve a great many Properties, 
each of which deferves to be RR COS 
And to eſtabliſh this Knowledge, is the Deſign of this 
| third Part of our Treatiſe of Natural Philofophy. 
2. Daily Experience, arid a thouſand Obſervations 2; That the 
made by the Induſtry of Men in paſt Ages, and which — 
we ourſelves have confirmed; do ſufficiently convince ters. 
us, that there is no part of the Earth, be it never fo 
eat or ſmall, but that in Time it undergoes ſome Al- 
tration, either from the Action of Water or Air, or 
7 of the ſubtle Matter which enters into its Pores; even 
Diamonds, which are the leaſt liable to Alteration of 
any Bodies that we know, wear away and diminiſh in 
length of Time, not only by rubbing againſt each other, 
but by mere handling them with our Hands, or rubbing 
them againſt our Clothes. For after we have carried 
| them a long Time about us, they do not look ſo well 
| poliſhed, and the angular Points of them grow blunt; 
which is a certain -Sign that they have loſt ſome of 
their Parts: The Earth therefore, which has fo long 
g withſtood the Force of the ſubtle Matter of its Vor- 
tex, muſt long ſince have been entirely worn out and 
deſtroyed, or at leaſt, very much changed to the worſe 
from what it once was, unleſs it had been continually 
0 ſupplied and repaired from ſomewhere elſe, But ſince 
we are fure that it does ſubſiſt ſtill, and that it does 
not appear at all different to us from what the Anti- 
ents deſcribe it, this is a ſufficient Proof that it is re- 
paired as faſt as it waſtes, And becauſe this Repara- 
tion, as well as what it loſes, depends upon the Acti- 
on of thoſe Things which encompaſs the Earth, if there 
n- be any Ground to hope for a thorough underſtanding 
i- of the Nature of the Earth, it muſt be principally from 
us our Reaſoning about what muſt be the Effects of the 
ut Action of the Matter of the Vortex, in whoſe Center 
o- it is, upon it. ; 5 7224 the 
3. Now if we conſider, that this Vortex, in turn- # if 
ing round, muſt force the moſt ſolid and molt agitated 3. . 
Parts, ſrom the Center, it is reaſonable to conclude, che cd 
2 | that F lement. 


124 


4. How th: 

Parts of ebe. 
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Earth it 
round, 


Reaſon of 
ether Pro- 


pertie: Its 
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that thoſe which remain about the Center, muſt be leſ 
ſolid and leſs agitated ;- and that therefore the Earth is 
compoſed of Parts of the third Element, which, be- 
cauſe they are very groſs, and of no great Solidity, and 
of ſuch Figures as make them apt to entangle each 
other, are more difficult to. be moved than the others: 
And there is no other Difference betwixt theſe terreſ- 
trial Parts, and thoſe which we before ſaid the Spots 


of the Sun were compoſed of, but this, that the Parts: 


of the Earth are more ftrongly and clolely united to- 
gether, and by that Means form a 5 and more 
compact Body. | | | 
4: And becauſe the Parts of the third Element are of 
very irregular 7 and can there fore be ranged only 
in a very odd Manner; from hence ariſes all the Ine- 
qualities which we obſerve in the Earth: And this is 
the Reaſon why there are Mountains iri ſome Places 
and Deeps in others; that ſometimes we meet with a 
great Number of its Parts ſucceeding, one another with- 
out Interruption, and forming one continued Body, 
and at other Times, we ſee Valleys and large Caverns; 
Laſtly, hence it is, that ſome of its Parts are very hard, 
and others very ſoft, _ | 

5. However, it is to be obſerved, that notwithſtand- 
ing all theſe Inequalities, it is impoſſible but that the 
Earth muſt be round, or very nearly ſo ; becauſe if at 
the Beginning; there had been any Part conſiderably 
higher (compared with the whole Maſs) than all the 
reſt, the liquid Matter which ſurrounded it, to whoſe 
Force it lay more expoſed than any other Parts, could 
not but beat with more Violence againſt, and by degrees 
undermine it, till it became very near upon the ſame 
Level with the reſt. 


6. What the 6, Tf then the Earth be ſuch as we have now deſerib- 
"ed it, it ought to be hard and dry; becauſe the Hard- 


neſs and Dryneſs of any Body are Qualities which are 
the Reſult of its Parts being at re; It muſt alſo be 
cold, becauſe there is not Motion enough in its Parts, 
to excite Heat: And it muſt alſo be heavy, becauſe its 
Parts, having leſs Force than the other Matter to go 
off from the Center of the Vortex in which the Earth 
is, muſt needs be impelled that Way. If we add to 
this; that the Reaſon why it is opake, is becauſe of 
the frequent Interruption and Winding of its Pores, 
which do not correſpond with each other, we may al- 
fare ourſelves, that this ſhort Deſcription N » 
2 | 
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| full Explication of the principal and moſt obvious Proper- 
ties of the Earth. So that I'may be excuſed adding any 


Thing farther upon this Head, except a little more par- 
ticular Conſideration of its Pores; which ſeems to me 


| neceflary in order to the more diſtin Knowledge of it. 


7. It is true indeed, that it is impoſſible to deſcribe 7; 7%? 


there are 


them all, becauſe of the prodigious different Sorts that 5 Sorts 
© there are in this large Maſs, and eſpecially, in that Part 9f Pore: in 
of it which we call the exterior Earth, the Particles of che Barth. 
which are of very irregular Figures: However, if we 

can content ourſelves with the Conſideration of the Na- 
ture of the Pores of the interior Earth, (which muſt needs 

| be very ſtreight, becauſe the Parts of the third Element 

| are very much compreſſed there, by the Weight of all 


the Parts which they ſuſtain ; ) they may eaſily be reduced 
to theſe three Sorts, Firſt, ſuch as will bend and turn 
all Ways, and go along like Waves ; Secondly, ſuch as 
are perfectly freight ; and Thirdly, ſuch as communzcate 


with each other, and are twiſted together, which reſem- 


ble the Branches of Trees. | | 
8. Beſides theſe three Sorts of Pores, there is yet a g, qzae 


| fourth, which requires particular Attention in order to there is 


a clear Underſtanding of them, becauſe of the Conſe- — =—_ 
quences which we ſhall afterwards draw from it. And ſeeding to= 


here it is neceſſary in the firſt Place to recollect what wards rhe 


was formerly ſaid concerning that ſubtle Matter, which — 7 


| by entering into the Earth's Vortex at thoſe Places he Form of 


which are near its Poles, and ſo getting from thence 4 Screw. 
the Earth itſelf, cauſes the Earth always to keep its Axis 
parallel to itſelf, during its annual Motion about the 
Sun. After this, we muſt obſerve, that though the vio- 
lent Agitation of the Parts of the Matter of the firſt 


| Element, do generally hinder them from being of any 


certain Figure ; yet the greateſt Part of thoſe which en- 
ter into any Vortex, acquire ſome particular Figure 
which they remain in for a long Time. For Inſtance ; 
becauſe the Matter which enters into the Earth's Vor- 
tex, moves very nearly in a ftreight Line from one of 
its Poles to the Center, therefore a great many of its 
Parts are at reſt with regard to each other ; which 
makes them ſtick together, and as I may fay,  congeal, 
and become of the ſame Figure as the Space is through 
which they paſs ; in the fame manner as melted Wax 


| grows hard, and takes the Figure of the Mould into 


which it is caſt, Now becauſe the Matter of the firſt 


— 
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Element, takes its Figure by paſſing through the Tri. 
angular Space which muſt neceſſarily be left between 
three Globules of the ſecond Element, therefore the Fi. 
gure ſo acquired will be that of a long ſlender Body, al 
along which there will be three Channels, and thoſe very 
direct, if all the Globules of the ſecond Element wen 
ranged in ſuch order, that the triangular Intervals be- 
twixt them, agreed exactly with each other; But becauſe 
this cannot be: If on the contrary, we imagine a great 
many Ranks of thoſe Globules to ſurround the Earth; 
the e between three Globules of the uppermoſt 
Rank, muſt neceſſarily be directly againſt ſome Globule 
of an inferior Rank. Conſequently the Matter of the 
firſt Element, muſt deſcend towards the Center of the 
Vortex, by winding continually round, and will therefore 
acquire a Figure pretty much. like that of a Screw with 
three (1) Channels in it. 5 

9. And becauſe the Particles of the ſecond Element 
which are at a certain Diſtance from the Earth, turn: 
little faſter from Weſt to Eaſt than thoſe which are in 
the upper part of the Vortex; this cauſes the Matter 
of the firſt Element to turn one particular Way, as 
it deſcends about the Axis of the Vortex; whence it 
is eaſy to conclude, that the Parts of the Matter of the 
firſt 111 which deſcend towards one of the Pole 
of the Earth, acquire the Form of a great many ſimi- 
lar Screws, all of them wreathed the fame Way; and 
that thoſe which deſcend towards the oppoſite Pole, be- 
come of the Shape of the other Screws wreathed the con- 
trary Way, 

10. Theſe things being ſuppoſed ; though we are cer- 
tain that there are a great many Pores in the Earth which 
are filled up in Time with the Parts of the third Element 
which ſwim amongſt thoſe of the firſt and ſecond Ele- 
ment, and whoſz Motion is eaſily ſtopped when they 
meet with any Obſtacle, becaufe they are of ſuch Fi- 
cures as are caſy to be entangled ; yet we are not to 
underſtand this to be fo in thoſe Pores juſt now de- 
ſcribed, through which the Matter ſhaped like a Screw 
paſſes, becauſe this Matter keeps its Paſſage through 
theſe Pores always open. All the Conjecture that we 
can make about theſe Pores is only this, that they con- 
tract themſelves fo as to leave only juſt as much Space 


fr) See Pitrumive, Book III. Chap- 3: 
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as is neceſſary for the mere Paſſage of the channelled 
Particles. Whence it follows, that theſe Pores (which 
are the fourth Sort that we are to examine) are ſo many 
Receptacles parallel to each other, and that thoſe of them 


ry which receive the channelled Matter which comes from 
W tie Arctick Pole, are turned the contrary Way to thoſe 
e- W through which the channelled Matter which deſcends 
ſe from the Antarctick Pole, paſſes. 
at 
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uid and tranſparent Matter in which we live, a * 


2 and which ſpreads itſelf all round the whole Globe 
in compoſed of Earth and Water. Now Air, taken in 
er this Senſe, is indeed a very ſtrange and wonderful Com- 
as poſition, not only becauſe of the Matter of the firſt and 
It ſecond Element, a great Quantity of which 1s to be 
ne WW found in it, but alſo becauſe of the different Bodies 
2 which are continually raiſed and exhaled out of the 
U- Earth, Wherefore, before we can throughly under- 
1d ſtand the Nature of the Air, we muſt know the Na- 
e- ture of all theſe Bodies. But becauſe we ſhall treat of 


WE generally give the Name of Air to all that H- 1. har , 
q 


N- them afterwards, that we may proceed in a proper Me- 

thod, we will now confider by itſelf, what Air pro- 
r perly is, without the Mixture of any other Bodies with 
ch it, that is to ſay, what pure ſimple Air is, which the 
nt Commentators upon Ariſtotle have given the Name of 
e- Element to, | 
ey 2, In order hereunto, we need only imagine the Air 2. of 5, 
i- to be a large Heap conſiſting of an infinite Number of e 
to the ſmall Parts of the third Element, which are like . F 


e· Branches, of very irregular Figures, pretty much like 
-W thoſe which we before ſaid that the Earth was compoſed 


oh of, only ſmaller and looſer ; which make them in con- 
we tinual Agitation ſo long as they are ſwimming amongſt 
n- the Particles of the firſt and ſecond Element. Where- 


0 fore though ĩt ſhould ſeem by their Figures, that they are 
very apt to lay hold of and entangle each other, yet 
they cannot really do ſo, becauſe they are ſo very fine, 

as % to give way to the leaſt Impreſſion made upon mn ; 

f | J | 
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eaſily bends them that Way which will diſunite them; 
and becauſe their Branches are ſo very ſmall and ſhon 
that they cannot be tied up in Knots. 

3. The Air therefore muſt always be liquid, and can 
never be hardened, as we ſee Water is when it is frozen; 
ſo likewiſe, it ought to be light, becauſe there is but x 
\nall Quantity of the proper Matter of it in a large Com- 
paſs; it ought alſo to be tranſparent, becauſe, it being 
in continual Agitation itſelf, it cannot ſlacken the Mo- 
tion which luminous Bodies impreſs upon the Parts of 
the ſecond Element in which it ſwims, and by Means of 
which it tranſmits the Light, and raiſes the Senſation of it, 
Laſtly, it muſt alſo be very much condenſed, not only 
when the Heat or Agitation of its Parts being conſider. 
ably leſſened, they are unable to daſh againſt each 
other, or drive one another with ſq great Violence a 
uſual ; but alſo when they are contained between the 
Parts of other Bodies which compreſs them more than 
ordinary, On the other Hand, (1) it muſt be dilated, 
when the Cauſes of its Confinement are taken away; 
by heating it, if it was before condenſed by Cold, or 
by opening the Priſon in which it is contained, if its 


_ 


leis Compaſs. 


(1) It muft be dilated, &c.) Hoco 
great the Compreſſion or Dilatation 18, 
lays the famous Dr. Wallts, which 
tbe Air 1: capable of, it not eaſy to 
tell; it is certainly very great, more 
than any one, who bat net try" d,wvould 
think, as appears by E xperiments. 

Merſennus ſometime ago, affirm, 
that by the belp of an Solipile, ap 
plying a very great Heat (as much 8s 
:bat Sort of Veſſel would bear with- 
out melting) be dilated tbe Air fo 
much as to take abive ſeventy times 
the Space which it did beff.re. 

And our "Honterable Mr. Bry'e, 
without the Aſſiſtance of eat, fund 
rbat the Air, by its elaſiick Force 
only, expanded f-!f into a Space, 


It nine times greater ban before; 


then thirty one timer; aſter that, 
Sixty times ; aud laſt of al, a bun- 
dred and fifty times, nohich i more 
than double Merſennus's Expanſion, 
Afier all this, be prompted that fix. 
$an/ron by other meant tg abwe eigbt 
theſa'd tim {by itt elaſbickh Force 


preſſure only was the Cauſe of its being reduced to a 


without applying any Heat) at which 
Experiment (ſays the famous Dr. 
Wallis) I was preſent. Then by the 
making uſe of another Experiment 
fill it came to above ten thouſand 
times, nay to take up thirteen thouſand 
fix bundred and ſeventy nine times «1 
much Space as at firſt. See Wallis. 
Hydroſtat. Brog. 13. 
ow this Dilatation was made in 
Air without its being artificial) 
compreſſed, ſo that it appears, that 
the Air which we breathe here pan 
the Superficies of the Earth, is, by Ut 
own Weight on'y, compreſſed into 
the thirteen thouſand, fix hundred 
and ſeventy ninth part of the Space 
which it would take up in a Vac 
um. But if it be compreſſed fill 
more by Art, it will appear (as the fi- 
pops Mr. Boy/« experienced) that the 
pace which Air takes up, when it 
moſt of all dilated, is to the Space 
which the ſame Air poſſeſſes, whe 
it is moſt of all compi eſſed, as f 
band: ed.gnd fity tbouſand to one. 
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ich 4. It is not beſide the Purpoſe to obſerve here, that 4: Heu t 

m; the Dilatation of Air, which is made in this manner, b 4 — 

or removing the Obſtacles by which it is compreſſed, Dulatation 
ought to be very quick, becauſe its Particles which be- 

can fore were forcibly bent and ſo moved, endeavour all to- 

en; gether to make themſelves ſtreight, and to expand them- 

t a We ielves as much as they can, and that with a Velocity 

m- ¶ equal to thoſe of the Second Element, by which they are 

ing WW agitated, And upon this Property of the Air is founded | 

do. the Invention of little portable Fountains, which throw 

; of WW up the Water to a great Height; and of Guns which 

s of MW being charg'd with Air only, will ſend forth a leaden 

fit. Bullet with an incredible Swiftneſs. 

ny F. The artificial Fountains are made in this Manner. 5. 4 De- 

ler. ABCDis a Veſſel of very hard Metal that will not bend, Tce of 

ach of any Figure you pleaſe; there is no Hole left in it a 

„but at AD, which is ſo to be ſtopped by the Tube EF T-b x1V. 

the being ſoldered to the Veſſel, that nothing can enter into Fis 3. 

han the Cavity HL, but through the Tube EF: the Bottom 

ed, WW of this Veſſel is purpoſely to be contrived with a little 

wy; We deſcending Cavity in ſuch a manner, that tho' there be 

or no Hole made in it, nor the Tube EF touch it; the 

its WM Extremity F may go a little lower than that ſame Bot- 

o2 WW tom. Laſtly, there is a little Cock at D, by which the 


Tube is opened and ſhut, 
hich Which vaſt Contraftion and Ex- ders are difficul:ly made to touch one 
De. panſion ſeems unintelligible, by feign- another, = to flick together, uni ſi 
y the ing the Particles of Air to be ſpringy by melting them,or wetting them with 
. and ramous, or rolled up like Hoops, Water, which by being exbaled may 
ford er by any other meang than a repullive bring them together, and that tuo po. 
ſai Power. Newt, Optic. pag. 371, liſhed Marbles, which by immediate 
: „ Now this repulſive Force is much Contact ftick together, are di fficultly 
ue Steater in Air, than in any other Bo- braugbt ſo cl:ſe togetber as to flick, ibid. 

dies, becauſe it is with great Diffi. Ax to the efficient Cauſe of this 
* culty generated, and that from very repulfive Force, See what is ſaid 
iall fixed Bodies, and ſcarce from ſuch concerning the Cauſe of Altractian, 
that without Fermentation, thoſe Parti. in the Notes on Part I. Chap. xi. 
abu cles receding from ove another; with Art. 15. 
57 it the greateſt Force, and being moſt Lafily, It is an Experiment of 
into a © cultly brought together, which the famous Mr. Boyle's very well 
rel gen Contact cobere moſt ſtrongly ibid. worth obſerving, that A'r encloſed 
pace bes 372. (See alſo the Notes on ſeveral Years in a Glaſs Veſſel, loſt 
Facu- P art I. Chap. xxvii. Art. 15. con- nothing of its elaſtick Force (which 
Bill cerning the Force with which the he could perceive) though all other 
e fa Particles of Light are emitced.) Now Bodies, when forcibly detained in 
it the that there is ſuch a repulſive Force in an undue Poſition, lofe their St ff. 
it is Bodies appears from hence, that Flies neſs by Degrees, and become weak. 
pact walk upon the Water wwithout wetting Whether Air can be generated fron 
when tbeir Feet; and that the Object Glaſſes ſome Bodies and converted ino o- 
; fu of long Teleſcopes lie upon one another thers ; Ste the Notes on the following 

Without touching, and that dry Po- Chaps 
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6. 8 U. 6. Now as to the Uſe of this Fountain, and the Manner 
od "I ſetting it to work: The Tube EF is to be opened, 
and a Syringe fitted to the Mouth E, by which as much 
new Air as we can, is to be forced into the Cavity HL, 
to condenſe the Air which was there before, and then 
the Hole E is to be ſtopped. After this, another Syringe 
filled with Water, is to be fitted to the ſame Hole, and 
to be thruſt into the Cavity a little deeper, that the 
Air which was put into the Veſſel do not force it out a- 
gain, when the Cock is opened ; then the Cock is to be 
opened, and all the Water in the Syringe to be forced 
into the Veſſel; then, having turned the Cock, the Sy- 
ringe muſt be filled with Water again, and forced into 
the Veſſel as before, and ſo on, as often as it can be. 
The Engine being thus prepared; as ſoon as ever the 
Cock is unturned, "the Air within by endeavouring to 
dilate it ſelf, preſſes upon the Water which is at the 
Bottom of the Veſſel, and forces it through the Tube EF 
with great Violence; ſo that it is very pleaſant to fee it 
riſe up into the Air, and play like a Fountain. 
7+ A De. 7. We ſhall now give you the Figure and Deſcription 


pripisn © of a Wind-Gun. AA is a Tube of Metal well ſolde- 


Tab XIV. red together; open at one End I, and ſtopped at the other 
Fs. 4+ End; the hollow of this T ube anſwers to what we 
commonly call the Barrel of a Gun. BB is another Tube 
of Metal, within which the Tube AA is fo placed, that 
Air may be influded'in the intermediate Space CC. G 
is a Hole {topped with a Valve which will open inwards, 
that is, will permit the Air to paſs forward from L to 
C, but not to go back from C to L. The Tube AA has 
alſo two other Holes E and D, at that End which reſem- 
bles the Breech of 2 common Gun : "Through the Hole 
E, the Air contained in the Space CC could paſs into 
the Barrel of the Gun, but that it is hindred by a Valve 
which can open only outwards, and is preſſed ſo much 
the harder againſt the Hole which it ſtops, by the Air con- 
tained in the Space CC, as that Air endeavours to get 
into the Barrel with more Violence. By the other Hole 
D there is a Communication betwixt the external Air 
and all that in the whole Engine. And that the Air 
which is contained in the Cavity CC may be hindred from 
getting out there, there is a ſhort Tube placed between 
D and E, the Extremities of which are ſoldered to the 
Holes of the Tubes AA and BB. Laſtly, HH repreſents 
the Body of a Syringe, -by which as much Air as can be 
is 
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is crouded into the Space CC: Which being done, and 
a leaden Bullet thruſt into the Tube AA as far as O, the 
Gun is charged. And in order to diſcharge it, we need 
only put into the Hole D a ſmall round Stick, fitted to 
it as exactly as poſſible, with which puſhing away the 
Valve at the Hole E, as ſoon as that Hole is open, the Air 
contained in the Cavity CC, will dilate it ſelf, and ruſhing 
into the Gun, will drive out the Bullet without making 
much Noiſe. | | 

8. The very little Noiſe which theſe Guns make in 8. 0f white 

going off, has given Occaſion, I believe, for the Fiction Peder. 
of that white Powder, -which goes off without making 
any Noiſe; a Secret which the firſt Inventers of theſe 
Guns, who would have them paſs for common Guns, 
very much boaſted of, But it is evident, that this 
Powder is only a mere Story ; becauſe whatſoever is able 
to drive a Bullet out of a Gun with the ſame Velocity 
that Gun-Powder does, muſt likewiſe ſtrike the Air with 
the ſame Force, and co ſequently make as much Noiſe. 
But though theſe Wind-Guns ſend forth a leaden Bullet 
with a ſurprizing Swiftneſs, yet it falls very much ſhort 
of the Swiftneſs cauſed by Gun-Powder 'in a common 
Gun; and therefore it is no wonder that they make leſs 
Noiſe when they go off. | 

9. To what has been ſaid concerning the Nature of 9: 8 
the Air, we may add further, that the Air being liquid, weak theſe 
it ought to gather it ſelf about the Earth in ſuch a man- Places 
ner, that the external Superficies of it may be ſpherical. ae e bags 
But becauſe it is more condenſed by the Cold near the p, eb. 
Poles, than it is in other Places, it follows, that there #n thoſe char 
muſt be a larger Quantity of it in thoſe Places, and con- 77 11 
ſequently it muſt be of a greater Weight than in the Pla- : 
ces near the Equator : And this appears to be indeed ſo 
by Experiments; for the Mercury riſes higher, in the 
Barometers formerly deſcribed, in Sweden and Denmark, 
than in France and Itahh. 

10. Now if we would aſcend up beyond that groſs 10. har 
Air, whoſe Parts we have been now deſcribing, in order 2 3 
to find out what is there; it ſeems to me eaſy to guels, Fg ou 
that there is nothing elſe there but Matter of the fi 


and ſecond Element. For if any other Matter were 


placed there, it could not continue there long, but would 
preſently be driven towards the Center of the Vortex, be- 
cauſe it cannot be in ſo great Agitation, nor have ſo 
much Force to go off from that Center, as the ſubtle 
Matter has; ſo that it can be only this Matter which is 

r. 1 above 
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above the Air. As to the Name which this Matter may 
be called by, I agree to that of Zther, which is that by 
which Ariſtotle called it; But as to the Word Fire, I can 
by no means agree, that it ſhould be called fo ; becauſe 


this Word is uſed to ſignify a hot and lurninous Subſtance 
and by ſo calling it, we ſhould give occaſion to many to 
think, that there is a Fire above the Air, like that which 
warms us and ſhows us Light here below; but this is 
contrary to Experience, not only becauſe it ſhows us no 
Light in the Night, but alſo becauſe it is fo far from cau- 
ſing any Heat, that on the contrary, the higher we go 


above the Superficies of the Earth, the colder we find it. 


— M0 Of the 
Nature of 
Water, 
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N order to a more diſtinct Knowledge of the Nature 

of terreſtrial Things, let us conſider the Earth again. 
And here it is to be obſerved, that the Earth being (as 
we faid before) porous, and there being a Plenum in 
Nature, its Pores muſt neceſſarily be filled with the Mat- 
ter of the firft Element. But becauſe theſe Pores are long 
and very ſtreight, their Length and extreme Smallnels 
will not permit the different Parts of this Matter to move 
otherwiſe than along them only: This makes them to be 
as it were at reſt with reſpect to each other, and to ſtick 
together, and form very {mall Bodies of the fame Shape as 
theſe Pore. Now if we examine what (amongſt all the 
Things in Nature) a Maſs, conſiſting of an infinite Num- 
ber of theſe ſmall Bodies, which were formed in thoſe 
undulating Pores, like ſo many Moulds, and which con- 
ſequently reſemble ſmall Threads, which muſt be very 
pliable, becauſe during the Formation of them, they 
were ſeveral Times bent different Ways, may be compe- 
red to; we {ſhall have reaſon to think that it exactly re- 
ſembles what we call Water, and is of the ſame Nature; 
becauſe we ſhall find in it all the Properties which we ob- 
ſerve to be in Water, 


2, For 
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2. For firſt, if Water reſembles a Collection of ſuch 2. y it ie 
ſmall Bodies, it is certain, that it ought to be liquid; 3% ; - of 
becauſe the Parts of it being very lender, they are eaſily — may 
put in Motion by the Particles of the ſecond Element, bc congealed. 
which enter in between them and ſurround them on all 
Sides. But there is no Inconſiſtency in ſuppoſing that it 
may ſometimes become hard, and appear in the Form of 
Ice; becauſe at ſome Times, and in ſome Places, the 
Matter of the ſecond Element, being much leſs agitated, 
or much more ſubtle than ordinary, may conſequently 
not have Force enough to move the Parts diſtinctly a- 
mongſt each other, to that Degree as to make them liquid. 

3. The Heavineſs of Water is alſo a natural Conſe- 3. Ny ie ii 

uence of this Suppoſition; becauſe Weight depends ler 
flely upon this, that the Parts have not ſo great Motion 
az is requiſite to cauſe them to go off from the Center 
of the Earth; wherefore they muſt neceffarily be 1impelled 
that Way by the Action of the ſecond Element; And this 
is the Reaſon why Water is heavy. 

4. Now we have no Reaſon to wonder, that Water 4, Thar Cold 
when it is hardened into Ice, is cold; for this is a natu- „ — = 
ral Conſequence and Effect reſulting from the Parts be- Mater than 
ing at reſt, as was before explained when we treated of Hear. 
Cold : But when it is liquid, Heat or Cold are equally 
indifferent to it ; becauſe by the Nature of it, it is equally 
ſuſceptible of greater or leſs Agitation, which is neceſſary 
to make it hot or cold. 

5. And though Water which is heated upon the Fire, 5. Thar col 
grows cool by Degrees, it is not becauſe it has any par- 54s 


ticular Diſpoſition to being cold; but proceeds from Tubs 


hence, that it communicates at ſuch a Time ſome of its freeze. 


Motion (in which its Heat conſiſts) to the Things which 
ſurround it, and which are leſs agitated than it felf : And 
this is confirmed from hence, that if we put hot Water 
into ſuch a fort of a Veſſel as will any way hinder it from 
having ſo much Communication with the Things about 
it, whoſe Parts are ſuſceptible of Motion; we find 
by Experience, that it will preſerve its Heat a long 
while, | 

6. When Water is pretty much heated, ſome of its 6. D. 
Particles will get out of their Places and fly up into the —.— 
Air, where they are turned round by the Matter of the auch rari- 
firſt and ſecond Element which they are mixed with, and Had. 
made to unfold themſelves to their full Length, and to 
grivg every Way round them, all the Particles of the Air 

19 which 
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which they meet with in thoſe Spherical Spaces of which 
themſelves are, as it were, the Diameters. 

7. This great Agitation of the Parts of Water which 
cauſes them to ſeparate from each other, is (1) all the Al- 
teration that Water undergoes, when we ſay that it is 
_ Nature converted into Vapours ; as is proved from hence, that 
rad. if they loſe any of their Motion, as they really do when 

they meet with cold Bodies, we ſee that they unite them- 
ſelves together again, and compoſe the ſame ſort of Wa- 
ter which they did before they were converted into Va- 
pours. 


7. That the 
P articies of 
W ater do 


Not alter 


$. That Ain 8. I know there are ſome who are prejudiced with 
cannot 5 this Opinion, that Water which is evaporated, turns 
convert 


, into Air; and who alſo believe, that Air changes its 
Nature and is converted into Water, when we ſee the 
Surface of a cold Body, expoſed to the Vapours excited 
in the Air, covered over with Water : But in order to 
-undeceive ſuch Perſons, I will tell them an Experiment, 
which I have made, and which they may make them- 
ſelves, it being very eaſy to be done, which will ſhow 
them that Air cannot be changed into Water, I took one 
of the Glaſs-Bottles with a long Neck, which the Chy- 
miſts call @ Bolt-Head, which held about two Gallons, 
and ſealed it hermetically, fo that it might continue full of 
Air: After that, I put it into a 'Tub that was filled with 


(tr) All the Alteration that Water Air, and which had all the Effects 


undergoes, &c.) Water ſeems not 
capable of being converted into Air, 
becauſe its Perts are not ff and 
ſpringy, but will eafily bend and 
turn round, Yet the famous Mr. 
Boyle obſerved, that Water, by be- 
ing often diſtill'd, might generaily 
be converted into an earthy Sub- 
ſtance; and we know that in the 
Cpuile of Nature, Water, or ſome 
Subſtan:e contained in Wate , is 
every Year converted into Herbs, 
Corn ana Weod. So likewiſe Air 
is not changed into Water by Com- 
preſſion; yet Air fe ms to be gene- 
rated gut of a great mary Bodies. 
Fer amongſt other Experiments made 
in Vacuo, the famous Mr. Boyle ob- 
teved, hat a <cubſtince very like 


of the Elaſticity of Air, was gene- 
rated from 1:01 and Oil of Vril, 
from Bread, Grapes, new Wine, 
boyled Apples, from a great many 
Sorts of Fruits, from Beans, Fleſh, 
Herbs, Flowers, and a great many 
other Bodies. But upon examining 
the Thing more cloſely, this was to 
far f.om being pure Air, that Ani- 
mals ſhut up in this Subſtance, couid 
not only not breathe in it without 
beirg hurt, but they died in it much 
ſooner than in a Space entirely emp- 
ty. So that it is neceſſary, that this 
ſhould be mixed with the open Air, 
generated from all other Sorts of 
Bodies, be/orc it be fit for Re ſpira · 
tion, 


Water, 
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Water, and ſtood in the Cellar, where it remained, for 
three whole Years without Interruption, except that I 
now and then took it out to ſee what was contained in 
it; but I could never perceive the leaſt ſenſible Alteration 
to be made in the Air, nor that there was the leaſt Drop 
of Water made. Which there would doubtleſs have 
been, by Reaſon of the Cold which ſurrounded the Bot- 
tle, if there really were any ſuch T ranſmutation of Ele- 
ments as ſome Philoſophers imagine. 

The Reaſon why Vapours are ſeparated and riſe up 9: Ve- 
(as we ſee them) into the Air, is becauſe they daſh a- pn 
gainſt each other from all Sides, and drive one another beiger. 
all Ways, fo that they have not Room enough to extend 
themſelves fo much, as the Agitation they are in requires, 
unleſs they recede from the Earth, and rife up into the 
Air, where generally they meet with leſs Reſiſtance 
from that Part of the Air which is above them, than 
from the Bodies which are beneath or on the Sides of 
them. 

Io. Becauſe the Parts of Water are very eaſily bent, 10. Why 
therefore they cannot put the Bodies againſt which they * i 

ce any 
ſtrike into any great Agitation, any more than a Body 72, ard 
can be put in Motion, by darting a Piece of Thread * Smell ar 
directly againſt it; whereas it might be very ſenſibly mo- 
ved by ſtriking upon it with a Stick of the fame Length, 
Thickneſs and Weight. And this is the Reaſon why 
Water when we drink it, flides along the Tongue, and fo 
is 1:fipid, and unable to excite almoſt any Senſation of 
Taſte. And becauſe in Bodies that ſmell, thoſe Parts 
which excite the Senſation of Smelling in us, are the ſame 
which excite the Senfation of Tatte when they are applied 
to the Tongue; it is manifeſt, that Water, which cannot 
excite the Senſation of Taſte, cannot for the ſame Rea- 
* 2 any Smell. 
Their being thus eaſy to bend, is alſo the Reaſon xr. 

w by the Parts of Water can enter into the Pores of hard Mater en- 
Bodies, though they be not exactly ſtreight, and can al 2 . 7 
ſo get out of them again afte: -wards. of a great 

12. But becauſe the Parts of Water, are of a deter- brd 
minate Bigneſs and of a certain Figure; therefore the Pores , 4 5 is 
muſt be of a certain Bigneſs at leaſt for them to enter canner poſe 
in, Wherefore, when we fee Water paſs through ſome —_ $9 toe 
Bodies, and is contained in others, which we are aſſured ae 
from Reaſon have Pores alſo, it is no more ſurpriſing, «4. 


than to ſee ſome Grain paſs through a Sieve where the 
I 4 | Holes 
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Holes are large, and not paſs through another where the 


Holes are ſmall. 

13. 4 Mi. 13, This Conſideration, namely, that Water can eaſily 
_— 3 paſs through ſome Pores, and not at all through others, 
ef Pole. may ſerve to undeceive thoſe who think that Water is 
Pov one continued homogeneous Body, without any real 
pag Diviſion, and that it is therefore liquid becauſe it is 
capable of being divided all Ways and in any Manner, 
For if this were ſo, there could be no mathematical 
Point aſſigned in Water, but that the Water could as ea- 
fily be divided in that Point as in any other; that is, it 
eould very eaſily be divided indefinitely. Conſequently 
Water might as eaſily paſs through the Pores of Glaſs, 
as through thoſe made by Grains of Sand when they 
touch one another; which is manifeſtly contrary to Ex- 
perience, 

I might here deduce many other Properties of Water 
as Conſequences of that Nature which we have aſcribed 
to it, but it will be more convenient to ſpeak of theſe 
in other Places ; wherefore I ſhall now go on to explain 


the Nature of Salt, 
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CHAP. IV. 
Of SALT. 
x. Of be Y Deſign here is to treat principally of common 


Nature of IVI Salt, ſuch as is made out of Sea-Water : And in 
mow order to our underſtanding the Nature of it, and finding 
out all its Properties, we need no more than to imagine 
it to be a Maſs made up of a great Number of fmall, 
long and ſtreight Parts, every one of which is compoſed 
of the Matter of the firſt, Element, congealed and put 
into ſuch Form by paſling through the long freight Pores, 
which we know are chicſty to be met with in the in- 
ward Parts of the Earth. This being ſuppoſed, it will 

explain all the Properties of Salt. 
*.Wby Sal: 2. And firſt; becauſe the Matter of the firſt Element 
is bard, js not forced to bend it ſelf different Ways, nor to be 
ſo much diſunited, in concreting it ſelf, in thoſe Pores 
which are perſectly ſtreight, as in thoſe which are _— 
e 
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> ed and undulating ; therefore there muſt be more Matter 
| at reſt, to compoſe a Particle of Salt, than to compoſe 
7 a Particle of Water, and conſequently the Parts of Salt 

5 mult be more folid, and harder to bend than the Parts of 1 
5 Water. Wherefore ſince the Parts of Water do ſome- | 
l 

$ 


times reſiſt the Force of the ſecond Element ſo much, 1 
as to continue at reſt, with reſpect to each other, and 
) ſo compoſe a hard Body; this Property ought, with ſtill 
| greater Reaſon, to be found in the Parts of Salt. | 
| 3. The fame Argument which proves Salt to be hard, 3- V L. 1 
t does alſo prove that every one of its Parts i is heavier than 3 Water, | 
y thoſe which compoſe Water; It is alſo certain, that 
> BB larger Pieces of Salt, ought to be heavier than an equal 
7 Quantity of Water ; becauſe the Parts of which theſe 
- Pieces are compoſed, are of ſuch a Figure as will permit 
them to be more cloſely united together, ſo as to con- 
tain more terreſtrial Matter, than there is in equal Quan- 
tities of Water, It is therefore no wonder that Salt ſinks 
to the Bottom in Water, But if it be diſſolved, that is, 
divided into its component Particles; we ſee that it ſwims 
in the Water, and does not precipitate to the Bottom ; 
which Effect ought not to be aſcribed to the Smallneſs 
of its Parts, but to the Nature of the Liquid Body in 
| which it ſwims; which is of ſuch a Sort, that its Parts, 
by eaſily mixing with, and entangling the Parts of the 
Salt, and moving all Ways indifterently, bring them up 
along with them, in great Numbers, as readily as they 
fall down, (1) 


— TY 64 my 


4. Pure 


1) The Nature and Properties of 
Salt are more clearly and fully ex- 


N theſe things ſhew that Salts are dry 
1 

g plained by the incomparable Sr 

E 


Earth and watry Acid united by 
Attraction, and that the Earth 
will not become a Salt without. 

much Acid as makes it diflolvable 


Jſaac Newton in the following 
Manner. When Mercury ſubli- 


ls © mate, is reſublimed with freſh © in Water? ——As Gravity makes 
| | © Mercury, and becomes Mercurius the Sea flow round the denſer and 
© dulcir, which is a white taſteles weightier Parts of the Globe of 
t Earth ſcarce diſſolvable in Water, the Earth, fo the Attraction may 
„ * and Mercurius dulcis reſublimed make the watry Acid flẽ- round 
6 * with Spirit of Salt, returns into the denſer and compacter Particles 
Mercury ſublimate; and when Me- of Earth for compoſing the Parti- 
1 * tals corroded with a little Acid cles of Salt. For otherwiſe the 
© turn into Ruſt, which is an Earth Acid would net do the Office of a 
t © taſteleſs and indiſſolvable in Wa- Medium between the Earth and 
| ter, and this Earth imbibed with common Water, for making Salts 
E more Acid becomes a metallick diſſolvable in the Water; nor 
8 * Salt; and when ſom? Stones, as *©« would Salt of Tartar readily draw 
Spar of Lead, diſſolved in proper off the Acid from diſſolved Me- 
* 0 


Menſtru ums become Salts; do not * tals, nor Metals the Acid from 
d ; : g Mer 6 · 
2 
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4. Why 
Salt melts 
he n po- 
fed to the 
Air. 


5. Whence 
ariſes ita 


Taſtes 
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4. Pure Air is compoſed of Particles too fine to agitate 
the Parts of Salt againſt which they ſtrike, they are ra- 
ther reflected back again with their whole Motion, 
W herefore when we ſee Salt melt in the Air, we ought 
rather to aſcribe it to the Parts of Water which fly about 
in the Air in the Form of Vapour, than to the Parts of 


Air themſelves ; 


for we obſerve that the Weather is al- 


ways moiſt 64 the Salts melt. 

The Particles of Salt can eaſier move with their 
* forward, than obliquely, becauſe they are long and 
ſtreight : And becauſe they are inflexible alſo, they have 
the more Force to ſhake the ſmall Capillaments of the 
Nerves of the Tongue, and thereby excite the Senſation 


of a ſharp Taſte. 


« Mercury. Now 3s in the great 
© Globe of the Earth and Sea, the 
« denſeſt Bod es by their Gravity fink 
„ down in Water, and always en- 
« deavour to go towards the Center 
© of the Globe; ſo in Particles of 
« Salt, the denſeſt Matter may al- 
6 ways endeavour to approach the 
6 Center of the Particle. So that 
« a Particle of Salt may be com- 
« pared to a Chav, being denſe, 
© hard, dry and earthy in the Cen- 
c ter; 4d iare, ſoft, moiſt and 
watry in the Circumference. And 
hence it ſeems to be, that Salts are 
of a laſting Nature, being ſcarce 
deſtroyed, un'eſs by drawing away 
their watry Parts by Violence, or 
by letting them ſoak into the Pores 
of the central Earth, by a gentle 
Heat in Putretaction, until the 
Earth be diſſolved by the Water, 
and ſeparated into ſmallerParticles, 
which by Reaſon of their Small- 
. neſs, make the rotten Compound 
appear of a black Cclour. 
« If a very ſmall Quantity of any 
Salt or Vitriol x diſfolved in a 
great Quantity of Water, the Par- 
ticles ot the Salt or Vitriol will 
not tink to the Bottom, though 
they be heavier in Specie thin 
the Water, but will evenly diffuſe 
themſelves into all the Water, 
ſo as to make it as ſaline at the 
Top as at the Bottom And does 
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the Salt or Vitriol recede from one 
2nother, ard endeavour to expand 
themſelves, and get as far aſunder 
as the Quantity of Water, in 
which they float will allow ? And 
does not tais Endeavour imp'y that 
they have a repulſive Force by 
which they fly from one another, 
or at leaſt, that they attract the 
Water more ſtrongly than they do 
one another? For as all things aſ- 
cend in Water which are leſs at- 
trated than Water, by the gra- 
vitating Power of the Earth; ſo 
all the Particles of the Salt which 
float in Water, and are leſs attrac- 
ted than Water by any one Par- 
ticle of Salt, muſt recede from 
that Particle, and give way to the 
more attracted Water. 

When any ſaline Liquor is eva- 
porated to a Cuticle and let cool, 
the Salt concretes in regular Fi- 
gures ; Which argues, that the Par- 
ticles of the Salt before they con- 
creted , floated in the Liquor at e- 
qual Diſtances in rank and file, 
and by Conſequence tat they ac- 
ted upon one another by ſome 
P: wer which at equal Diftances is 
equal, at unequal Diftances une- 
qual, For by ſuch a Power they 
will range them ſelves uniformly, 
and without it they will float irre- 
gularly, and come together as r- 


regularly.” Neqot, Opt. pag. 362. 
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6. This Figure added to their Stiffneſs, makes them 6. Fberein 
capable of entring into the Pores of Fleſh-meat, and —_— — 
hindering it from being corrupted ; for they get into the keep and 
Place of an equal Quantity of finer Matter which they rden F- 
drive out, the Agitation of which might have cauſed the 
other Parts to have ſeparated from each other. Further, 
by ſticking amongſt the Parts of the Fleſh like ſo many 
ſtrong ſtiff Wedges, they hinder the more flexible Parts 
which are amongſt them, from being agitated and diſtur- 
bed ; and this is the Reaſon why they keep Fleſh from 
corrupting, and why in length of Time it grows hard. 

7. When Salt is diſſolved in Water, the Parts of the 7. Ny ſal 
Water have an Opportunity of moving round about the * ee 
Salt, and being always bent in the ſame manner, they — > 
can very commodiouſly paſs out of one Part into another; rb Water. | 
whereas, when the Parts of Water are not mixed with 
thoſe of Salt, they are forced to bend and unbend them- 
ſelves continually all Sorts of Ways, which takes off ſome 
of the Force, which the Matter of the ſecond Element 
agitates them with; ſo that there remains leſs Force to 
move the Parts of Water alone, than to move them 
when they are mixed with thoſe of Salt ; whence it fol- 
lows, that freſh Water is more apt to loſe its Motion, 
or to be turned into Ice than falt Water, 

8. If we conſider that the Reaſon why Water is tranſ- 3. Why i 
parent, is, becauſe the Matter of the ſecond Element, 9 
which is in the Pores of it, tranſmits the Action of 
luminous Bodies through it, we ſhall have Reaſon to 
conclude, that Salt-Water vught to be more tranſparent 
than freſh Water, becauſe the Matter of the ſecond E- 
lement which is in the Pores of Salt-Water, keeps it ſelf 


in greater Motion than that which is in the Pores of 


freſh Water, and conſequently is more capable of tranſ- 
mitting the Action of luminous Bodies. 

9. It is generally looked upon as a ſurpriz ing Thing 9. 4 ere 
to ſee, that if in a warm Place, pretty nearly an equal freeze 
Quantity of Salt and Snow or beaten Ice be mixed to- _ 3 
gether, and laid round about a Glaſs full of Water, the 
Water in the Glaſs will freeze in Proportion as the Salt 
and Snow melt: But we ſhall eaſily comprehend the 
Reaſon of this, and fo ceaſe to wonder, if we conſider; 
that in what manner ſoever the Water be frozen, whe- 
ther it appears in the Form of Ice or in the Form of 
Snow ; the Matter of the ſecond Element which is in the 
Pores of it, muſt be more ſubtle or leſs agitated, than 

that 


240 


10. Vby 
Salt will 
not evape- 
rale. 
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that which is in the Pores of common Water (otherwiſe 
the Ice or Snow would continue liquid ſtill.) On the 
contrary, if the Air be temperate, (as we now ſuppoſe 
it to be) the Matter of the ſecond Element, which is in 
the Pores of the Air and of the Water contained in the 
Glaſs, muſt be leſs ſubtle and more agitated, than that 
which is in the Pores of the Snow or Ice : Now becauſe 
the ſubtle Matter which is in the Glaſs, has a continual 
Tendency to paſs from one Place to another, and chiefly 
to a Place where it can move it ſelf with greater Free- 
dom ; it follows, that it muſt really paſs into the Pores 
of the Salt and Snow which are melting, where it can 
eaſter move than in the Pores of the Water contained in 
the Glaſs; and at the fame time, an equal Quantity of 
more ſubtle and leſs agitated Matter which before was in 
the Snow or Ice, muſt enter into the Glaſs, in order to 
ſucceed and take the Place of that which is gone out of 
it ; which not having Force ſufficient to put the Parts 


of the freſh Water which is in the Glaſs into Motion, 


it cannot prevent their own Gravity from ſtopping them 
one againſt another, nor conſequently from becoming a 
hard Body, that is, (1) they muſt freeze, 

10. The Chymiſts ſay, that Salt is a very fixed Bo- 
dy, becauſe they find by Experiments, that it is with 
great Difficulty that it is made to evaporate z the Reaſon 
of which may be collected from that Nature which we 
have aſcribed to it: For beſides that it is heavier than 
Water, it is certain, that it muſt be very difficult for it 
to riſe up by turning round as the Parts of Water do 
when they aſcend in Vapours ; becauſe the Stiffneſs of 
the Parts of Salt, when they daſh one againſt another, 
area Hindrance to this Sort of Motion. So that they 


can hardly aſcend at all, except it be with their Points 


upwards ; now becauſe in this Poſition, every Part has 
one End turned towards the Earth, their own. Weight 
muſt make them deſcend with greater Force, than the 
little ſubtle Matter which is applied to the Points of 
them, can make them aſcend. 


11. When 


(1) They muft freeze, &c.) The Sal Ammoniack is by far the beſt of 
Experiment will ſucczed as well, if all. See the Experiments of the A. 
inſtead of comm n Salt, you m.-ke cad. del C mento, pag 100, and the 
uſe of Nitte, diſtill'd Liquors, Su- Notes on Part I. Chap. 23. Art, 
gar, or any ſuch like Bodies; but 48 and 54. 
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11, When the Parts of Salt then are ſeparated from 17. How ie 


thoſe of the Water, it muſt be a very extraordinary md 1 
Force, ſuch as we find by Experience there is in Flames, 
that can keep them in Motion, and make it appear to us 
in the Form of a Liquor; now if the Salt be added to 
that Matter which uſes to nouriſh Flame, the Solidity of 
the Salt will make that Matter ſtill more powerful, and 
capable of diſſolving Bodies which can commonly bear 
the Fire, ſuch as the greateſt part of Metals are: And 
this is the Reaſon why Workmen make uſe of Salt to 
help the Fire to diſſolve Metals. 
12. Becauſe the Parts of Salt are not limber and eaſy 12. by 
to be bent like thoſe of Water, it is eaſy to EIS PR 
that if a Mixture of them endeavour to enter into very jag 1 


ſlender crooked Pores, the Particles of Water only will Peres of 


be able to enter in, and thoſe of the Salt will be detained eme Bedfer, 


and ſtick in the bending Paſſages : And thus we ſee that 
Sea-Water in paſſing through a good deal of Sand, will 
loſe its Saltneſs gradually, and become quite freſh at 
laſt. 

13. The ſame Stiffneſs which hinders the Parts of Salt 73: F'y i 
from penetrating very far into the winding narrow Pores — _ 
of ſome Bodies, is alſo the Reaſon why, when they are be Pore ic 
once entangled in them, it .is with great Difficulty that 1 
they can get out: Chymiſts therefore are forced to feduce 
Plants to Aſhes before they can draw out the Salt, b 
that Means opening the little Priſons where each Particle 
is detained. 

14. Salt then being of ſuch a Nature as we have de- 3 
ſcribed, it is not at all ſtrange that when the Waters of Ny my 
the Sea are violently agitated in a very hot Seaſon, its fines wher 
Waves ſhould (1) throw out an in Number of ;/ — 
Sparks in the Night into the Air. For we ought to con- rien. 
ſider, that theſe Waves muſt diſperſe a great many Drops 
about in the Air, which divide themſelves into ſtill ſmaller 
Drops; and that ſome of the Particles of the Salt, which 


are the moſt ſolid and moſt agitated, may then diſengage 


( 1) Throw out infinite Number of terrefirial Parts, and 2 with 
Sparks, &c.) The following Query ſulphurcous oner, emit Light, at often 


of Sir Tſaac Newton's is very well 
worth conſidering in this Place. 
Do not, ſays he, all fixed Bodies, 
when beated beyond a certain Degree, 
emit Light and ſhine? And is not 
th:s Emiſſion performed by the wibra- 
ting Motions of their Parts And 
do not ail Bodies Thich abound with 


as theſe Parts are ſufficiently agita- 
ted, wwhetber that Apitation be made 
by Heat, er by Friftion, er Percuſ- 
ſen, or Putreſatticn, or by any vi- 
tal Mutton, or any other Cauſe? As 
for irftance ; Sea-Water in a raging 
Storm, Cc. Opt. pag. 314. 
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themſelves from the Parts of the Water, and dart them- 
ſelves into the Air with their Points forward, in ſuch a 
manner as to be ſurrounded only by the Matter of the 
firſt Element, which may communicate a Force to them 
ſufficient to impell the ſecond Element, and fo produce 
Light, | 

Tos. Why 1 5. However, in order to produce this Effect, it is 

AN , neceſſary that the Parts of the Salt ſhould be very ſmooth 


mot ſparkle and ſlippery; wherefore Sea-Water which has been kept 


at all, a long time, and Brine whoſe Parts are covered with 
Dirt as it were ruſty, are no Ways proper to produce 
theſe Sparks. | 

16. V 16. It is further neceſſary, that the Parts of freſh 


bis Shinn . 
1 ebiefly Water, which are rolled about the Particles of Salt, 


ſeen in Sum- ſhould be extremely pliable, ſo as to be able to unfold 
Neck themſelves very caſily, and give the Particles of Salt li- 
berty to diſengage themſelves; now this can never be 
but only in the greateſt Heat of the Summer; and there- 
fore we ordinarily ſee ſuch Sparks in that Seaſon only. 
r7. Wherce 17. Laſtly, it is evident, that in order to this, the 
pe 4% Agitation muſt be very violent, and the Parts of the Salt 
Waver are muſt move with their Points forward, that they may 
nt preper te the more eaſily diſengage themſelves from the Drops of 
be e Water; and this is the Reaſon why the Sparks do not 
Parks. 
come from all the Waves, nor from every Drop of the 
ſame Wave. x 


18. Hero 18. If this Phænomenon have appeared ſurpriſing to a 
er great many, the Conſideration of the Formation of Salt 
Pies. on the Coaſt of France, will appear no leſs wonderful. 
They who make Salt, chuſe ſome very low Place to do 

it in, which the Sea would overflow when it is high Wa- 

ter, if it were not kept out by a Bank. When the Wa- 

ter in the Sea 1s very high, they open Sluices, by which 

they let the Salt Water into their Pans or Ponds, which 

they fill, and then ſhut up the Sluices. This Water is 

kept ſome Time in the Pans, that Part of it may eva- 

porate and that which remains become ſalter; then they 

let go this Water into little Channels like the narrow 

Walks in our Gardens, the Bottom of which is done 

with Clay, that the Water may not ſink into it. All 

this is done in the Summer, that the freſh Water may 
evaporate inceſiantly ; and as it evaporates, the Grains 

of Salt form themſelves upon the Top of that Water 

which remains in the Channels. Theſe" Grains are all 

of the ſame Figure, which is ptetty nearly cubical, ex- 

cept that the upper Square 8 4 little bigger than the 

bottom 


re. 
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bottom one, and the four Sides tending to Trapeziums 
a little convex ; the upper Square being for the moſt part a 
little concave in the Middle. When the firſt Grains are 
formed entirely and come to a certain Bigneſs, they ſink 
down to the Bottom, and then new ones are formed, and 
ſo on till all the Water is gone; and then the Salt is 
heaped up, and more made in the ſame manner, 

19. In order to explain what is moſt remarkable in 19. He 
this Account, we mult conſider, that though the Salt =_ — „ 4 
does not aſcend up in Vapours, yet it cannot be denied engage them- 
but that ſome of its Parts are dragged up by the Parts et from 
of the freſh Water which the Heat makes to fly up into 2 arr 
the Air, ſo as to riſe about two Fingers Breadth along | 
with them into the Air ; after which, being looſened from 
the Parts of the freſh- Water which quit themſelves and 
fly from them, they fall down by their own Weight. 

And that this is ſo, is very evident from hence, that if 

ſome Rods be placed at this Height over the Salt-Water 
which is evaporating, the Salt will gather round them 

like Ice, which it will not do if the Rods be placed a 

little higher. Theſe ſmall Particles of Salt which fall 

back thus upon the Water, ſwim upon its Surface, for 

the ſame Reaſon that we formerly ſaid ſmall Steel Needles 

ſwam in like Manner. So that they do not fink into the Tab. XIV, 
Water at all, but only bend its Surface a little in, and Fs. 5. 
make a ſmall Cavity, at the Bottom of which they re- 

main ſurrounded with a little Ditch ; and whilſt there is 

but a few of them upon the Surface of the Water, they 
diſperſe thernſelves to a good Diſtance from each other, 
without any order, as they are repreſented in A. 

20. But when there comes to be a great Number of 20 mw, 
them, thoſe that fall upon the Surface of the Water af- % place 
terwards, muſt neceſſarily fall upon the Sides of thoſe lit- — 
tle Ditches which were made by them that fell firſt, and ac — 4 
ſo flip down to the Bottom of theſe Ditches, and place en *be 
themſelves by the Sides of the firſt Particles, as you ſee 33 
them repreſented in B; in the ſame manner as ſmall Steel Tab. XIV. 
Needles will do when they ſwim upon the Water; for Fis. 5+ 
as ſoon as any two of them, come pretty near one ano- 
hors they immediately place themſelves by each other's 
Side, | 

21. The Particles of the Salt ought to continue to range 21. Na 
themſelves in this manner, till there is a ſufficient Quan- 79./r® 
tity of them to compoſe a little Square; but when this — Sore 
Square is formed, then the Hollow made in the Superfi- 4 « Cr. 
cies of the Water being every where of an equal Depth, — A 

there 
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there is no Reaſon why the new Parts of Salt, ſhould 
place themſelves at the Sides rather than at the Ends of 
the old ones; ſo that they will really range themſelves 
at both the Sides and at the Ends, and ſo form themſelves 
into a ſort of a Croſs, as you ſee repreſented at C. 
Shs 22. Further, becauſe the Cavity which is now made 
the Angles by theſe laſt Particles of Salt, is a little deeper where 


of this Croſu the four Angles enter into the Croſs, than any where 


| — _ elſe, becauſe theſe Places are ſomewhat nearer the Mid- 


Fig 3. dle than the reſt; therefore if there come any new Par- 
ticles, they muſt ſlip into theſe Places, and diſpoſe them- 
ſelves as they are repreſented at D. 
23. Howa 23. After a great Number of Particles are united to- 
Grainef gether in this manner, their Weight then becomes ſuffi- 
3 cient to make the Hollow of the Water pretty deep, and 
the Declivity of its Sides very ſenſible. The Particles 
therefore which fall afterwards, muſt tumble upon the 
Particles of the lower Order, and range themſelves upon 
them, in the ſame manner as they ranged themſelves at 
firſt, And by thus ranging themſelves one upon another, 
they will become of the "Thickneſs of a Grain of Salt, 
. the Breadth of which will be larger as it grows thicker, 
becauſe the ſuperiour Order is always compoſed of a 
greater Number of Particles than the inferiour Order, 
24. How it 24, However, we are not to think that a Grain can 
bee become of any ſenſible Bigneſs, till a great Number of 
%. theſe Orders of Particles like Leaves, are laid one upon 
another; and then, becauſe the Length of the Sides of 
each Leaf is very much increaſed, a great many of 
_ theſe Particles place themſelves at the End of each o- 
ther, and ſo join themſelves to the firſt, And becauſe 
thoſe Places of the Cavity which each Grain of Salt 
makes upon the Surface of the Water, are deeper the 
nearer they are to the Middle, and becauſe the Parti- 
Tab. XIv. cles of Salt always deſcend as low as they can; it follows, 
Fig. 5» that a great many more of theſe Particles will place them- 
ſelves in the Place E than in the Place F of the Sides of 
the foregoing Leaves; and this will cauſe the Leaves 
thus formed to be perfectly Square. 
25. Why 25, And becauſe the . 40 become at laſt of a ſen- 
9 J ſible Breadth, and their Superficies ſo rough and unequal 
7 bel. as not to permit the Particles of Salt, which fall after- 
wards to roll upon them without great Difficulty; there- 
fore thoſe Particles which compoſe the laſt Leaves, which 
are upon the Top of the Grain, cannot get to the middle, 


which 
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which is for that Reaſon hollow in every Leaf ; and 

that makes the Top of each Grain hollow, and cauſes 

them alſo to ſwim ſo much the longer Time and the 

more eaſily upon the Water ; And becauſe they will not 

ſink ſo ſoon by their own Weight as they would do if 

there were no Cavity in them, there is the more Oppor- 
tunity for new Particles to join themſelves to the old 

ones, and ſo conſiderably to increaſe the Bigneſs of the 

Grains, ö N 

26. At laſt the Weight of the Grain becomes ſo great 26. How 
as to make it ſink to the Bottom of the Water, which hap- % Graine 
pens ſo much the ſooner as the Heat is greater; becauſe 3, — 95 
the Agitation of the Parts of the Water, makes it the fall. 
eaſier to give way. And this Heat may be ſo great, that 
the Bigneſs of the Grains may be ſcarce ſenſible, when 
they ſink to the Bottom of the Water, ſo that the Salt 
taken from thence may be like Powder or beaten Salt. 

27. From the Manner in which we have ſaid that 25. zz 
Grains of Salt are formed, we may collect, that they Grains of 
ought to be more brittle at the Corners than any Where, —— 
elſe, becauſe the Parts of the Salt are not fo regularly -:4:n ar the 
ranged at theſe Corners; and hence it is alſo that they ©9771 than 
are ve blunt, | 0 * 

28. Further, it is eaſy to conceive that ſome Parts of 28. 1, 
the freſh Water may be entangled amongſt the Particles S 4 «racks 
of Salt of which the Grains are compounded, and — 
{treightned that they cannot be turned round without be- he Fire, 
ing folded up. And if an extraordinary Heat ſhould at. 
any Time give them a ſufficient Force to unfold them-" 
ſelves, they muſt do it by breaking their little Priſon with 
a Noiſe; which is the Reaſon why Grains of Salt crackle 
when they are thrown into the Fire. And this is con- 
firmed from hence; that if theſe Grains be very dry, that 
is, have no Particles of Water amongſt them; or if they 
be bruiſed and reduced to a very fine Powder, they will 
then make no Noiſe, or they will loſe the Property of 
crackling, | 

29. The Particles of Water which are commonly con- 2g. y it 
tained amongſt thoſe of Salt, help to make it melt be ih melts — 
more eaſily when it is put into the Middle of a great File 1 
in a Crucible, So we fee that the Salt called by the 
Chymiſts decrepitated Salt, which has loſt all the Water 
contained in it, is very difficult to melt. 0d 


Vor II, K 30. Be- 


« 
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30. That o. Becauſe the Parts of the Salt are fo ſolid as to 
m— — — reſiſt the Action of the ſecond Element; it follows, 
and tranjpa- that the ſmall Globules of it, (by Means of which, we 
rent, and before ſaid, the Action of luminous Bodies was extend- 
Jui ed to ſo great a Diſtance) muſt paſs quite through, or 
whence that elſe be reflected, without any Diminution of their Mo- 
gry Cobur tion; the Grains therefore muſt appear either tranſpa- 
ant too rent or white. And becauſe theſe Parts are alſo very 
it ſometimes fixed, it follows likewiſe, that they muſt be very difficult 
5, ariſer. to be exhaled ; fo that Salt ought not to have any Smell. 
If the contrary to this be found by Experience, in that 
moſt Salt is Grey, and that Salt when it is freſh made, 
ſmells ſomething like a Violet; this does not diminiſh the 
Force of our Reaſoning ; becauſe this Colour and Smell 
ariſe from the Mixture and Diſpoſition of foreign Parti- 
cles which get in and go along with the firſt Particles of 
the Salt as the Grains are forming. 
Ju. That 31. And Experience fully ſhows this to be ſo. For 
NG — „if grey Salt be melted in freſh Water and ſtrained, and 
bar it any then laid in the open Air when it is warm and clear, that 
Smell, the Grains may be new formed again ; they will loſe both 
the Colour and the Smell which they had before. 
32+ Concern= . 32. The foreign Particles which mix themſelves with 
ge. 5.90 the Particles of Salt, being difterent upon the different 
perties of Coaſts where Salt is made, is the Cauſe of the peculiar 
Sale, Properties which we find to be in the Salts of different 
Coaſts. And therefore it is no Wonder that the Salt 
made upon the Coaſt of France may be of uſe for ſome 
Purpoſes, which that made upon the Coaſt of Spain is 
not at all proper for. 
33. Ne 33. Laſtly, It is in the Sea that Salt ought chiefly to be 
S '+ pri*- found; For though there is a great deal of it formed in 
yo as m—_ the Bowels of the Earth, and alſo in Places that are at a 
Sea. great Diſtance from the Sea; yet becauſe its own Weight 
makes it always tend towards the Bottom, and it is ma- 
ny Times carried down by that Means ; after it is ſunk, 
the Veins of Water which diſcharge themſelves into the 
Sea, looſen it and carry it along with them. 
34+ A Miſ- 34. I ſhall only juſt mention in this Place, that it was 
a Frog a great Miſtake in Ar:/totle to aſſert, that the Saltneſs of 
— rb the Sea depends upon its Waters being heated by the Rays 
Salrneſs of of the Sun, for we do not find by Experience, that the 
the Sca. Heat of the Sun or even that of Flame, will convert freſh 


Water into Salt Water, 


35. That 
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35. That which ſeems in ſome Meaſure to favour 35 7 

this Miſtake, is, that roaſt Meat is more ſavory, and —— 4 
taſtes moſt of Salt in thoſe Places which are 07 EXPO- on the out 
ſed to the Fire. And alſo, that the Water in the Ocean Hide. 
is more Salt in the Torrid Zone, where the Sun diffuſes 
more of 1ts Heat, than in thoſe Places which are near the 
Poles. As to Meat; it is a known Thing, and allow- 
ed by all Chymi/ts, that there is no Fleſh but has ſome 
Salt in it, which is pretty equally diffuſed through all its 
Parts, Now when the Meat is put in Agitation by the 
Heat of the Fire, ſome of its Particles are driven towards 
the Superficies, and are alſo exhaled along with the more 
liquid Parts, which cauſe that Smoke which we ſee riſe out 
of the Meat when it is roaſting ; and becauſe the inſipid 
Particles only can aſcend to any great Height, or Di- 
{tance ; the Particles of Salt can hardly get above two or 
three Inches from the Meat, before they will deſcend 
by their own Weight, and fall back upon its Superficies. 
And this is it that makes thoſe Places taſte ſo quick and 
ſtrong as we find they do. 9 

36. And as to the Difference obſerved between the 36. way _ 

Saltneſs of the Water of the Sea between the two T ro- — 1 
picks, and that near the Poles ; it ariſes from hence, that he Tropickss 
the Sun's Heat being much greater near the Equinoctial 
than at thoſe Places which are a good Diſtance from it, 
a much larger Quantity of freſh Water muſt continually 
aſcend up in Vapours there than elſewhere, which do not 
deſcend again in Rain till they are carried a great Di- 
ſtance from thence ; ſo that there being a leſs Quantity 
of that which temperates the Salt, to be found in thoſe 
Seas which are between the two T ropicks, than in thoſe 
Seas which are in the Frigid and Temperate-Zones; it is 
no wonder if their Waters are falter. To this we may 
add ; that the Ocean is of a much larger Extent between 
the two T ropicks than any where elſe, and yet there are 
fewer Rivers diſcharge themſelves into it. 

37. After having thus explained moſt of the Proper- ,,, of ts 
ties of common Salt ; there remains nothing more for us Nature of 
to ſay about other Salts which are digged out of the Sr f Salt 
Earth, ſuch as Nitre, and Sal Armoniack, but only that 
they are produced much in the ſame Manner, and that 
whatever is particular in them, is owing to their Parts 
being more or leſs grofs ; and that whereas the Parts of 
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Sea-Salt may be compared to Cylinders (1) the Parts 
of other Salts, may be like Priſins or Cones ; and laſtly, 
ſome of theſe Salts may be ſo ſubtle as to fly away by a 
moderate Heat; as thoſe which the Chymiſts call Volatile 
Salts. 

38. There is one Thing very obſervable, which I 
muſt not paſs by in Silence, and that 1s, that all Salts 
may be ſo changed as from a hard Body to become li- 
quid, In order to make this Change, they take the Salt 
and commonly mix Brick-Duſt with it, and put them 
together into an earthen Veſſel, which they call a Retort 
then they ſet it upon a fierce Fire, by the Force of 
which the Salt aſcends in the Form of a Vapour, and 
as it condenſes, it drops into a Receiver, And this 1s the 
Liquor which the Chymiſts call Oy/, or Spirit of Salt, or 
Aqua-Fortis which is uſed to diſſolve Metals with, 

39. In order to know how Aqua-Fortis comes by this 
Force; we muſt conſider, that the Particles of Salt 
which are very ſtiff, cannot be made limber, by being 
forced through the winding Paſſages which are amongſt 
the Brick-Duſt, but at the ſame Time they muſt become 
flatter; and whereas before they reſembled little Cylinders, 
they now become like the Leaves of Reeds, with ſharp 


Edges on each Side; and herein conſiſts the penetrating 


Quality of Aqua-Fortis, and alſo its very ſharp Taſte fo 
much different from that of Salt, which only affects the 
Nerves of the Tongue when the Points are applied to 
28 whereas the Parts of Agua-Fortis, cut with their 
Idges. | 

40. Laſtly. All that which is produced by Art in the 
Laboratories of Chymiſts, is done naturally in the Bowels 
of the Earth, where we ſometimes meet with ſharp and 
corrofive Fuices,which are like Aqua-Fortits, and which are 
capable of making infinite Variety of Diſſolutions of all 
Sorts of Bodies, even the hardeſt of all. Now it is to 
be obſerved, that theſe Juices conſiſt of two Sorts of 
Particles, the one of which are ſmaller than the other, 
and that when the Heat which is within the Earth, has 
exhaled the finer Parts of theſe Juices,, by which the ſe- 
cond Element agitated the groſſer ones; the Weight of 


theſe latter muſt cauſe them to be at reſt with reſpect 


(1) The Parts of other Salts, &c.) ing leſs like a pyram'd one way 
The Particles of Nitre, when look - from whence the principal Preper- 
ed upon through a Microſcope, ap- ties of it may eaſily be deduced. See 


pear to be Sexangular, thin and long, Clerc's Phyhicks, Book II. Chap. 5. 


their Sides Parallelograms, and grow= Scr. 18, 
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| to each other, and by that Means to become hard Bo- 
dies, in which we may meet with all the Properties which 
we ſee by Experience are in (1) Allum, and (2) Vitriol. 


ET eee 5 
CHAP. v. 
f Of Mineral O T L. 


W E have * by the ſeveral Properties of Water 1. Of be 
and Salt, what may be produced by the crooked _—_ 
Pores like Waves, and alſo by the freight Pores which 


$ : g 
t examine what may be generated by the third Sort of 
2 Pores, which we compared to the Branches of Trees. 
7 And ſince there are found in Mines, certain fat oily Li- 
5 quors which will not eaſily run; we cannot but think 
that theſe various Liquors, are nothing elſe but Collecti- 
p ons of theſe branched Particles, compoſed of the Matter 
g of the firſt Element aſſembled and concreted in theſe 
4 occult Pores. 
2. Theſe Collections may very well be liquid; for tho? 2. y it 
8 on the one Hand their Parts ſeem not much diſpoſed to 
hs ſlip one upon another, as the Particles of Water; yet 
this is made amends for, by their not being ſo fitted to 
1 approach each other; ſo that their are very large Intervals 
Is between them, which may contain a ſufficient Quantity 
d of ſubtle Matter to put them in continual Agitation. 
3 (1) Allum.) Later Philoſophers (2) Yieriel.) Concerning the ſe- 
Il have obſerved, that the Particles of veral kinds of Vitrialz the magnet 
0 Allum, when looked at through a of preparing the Medicines, Sc, 
of Microſcope, appear to be a little See Pliny, Book XXXIV. Cbep. xii, 
more compact, and to have a ſex. Later Philoſophers have obſerved, 
I, angular Plain on one Side, as its that its Parts are ſharp on both Sides, 
as Top, and on the other oppoſite Side and conſiſts of ten plain Sides, viz, 
X a like ſexangular Plain, with two of four pantagonal Plains in the 
gh Quigrangular Plains lying between, Middle, and three triangular Plaing 
of Whence they collect, that it ought at each End. Whence they collect, 
ct to be a ſtringent, to harden and cor- that it ought to have a very 
rode; but becauſe the Ends of the corroſive and aſtringent Power, and 
angular Points are ſomewhat blunt, to be the moſt Acid that can be, I; 
4 thereſore it is not ſo ſharp as Vi- a 
* 2 trial. 2» ; i 
dee 5 ; 
bb 0 | 
[+ 


are in the Bowels of the Earth : It remains now that we 
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338 3. Thus the Interruption which there is amongſt the 
that Water, Parts of oily Bodies makes them alſo to contain leſs of 
their own proper Matter in the ſame compaſs, than if 
their Parts could be ranged in a better Order; and there- 
fore they ought generally to be very light, 
4-Wfy ic 4. And they can hardly be tranſparent, becauſe they 
en. binder almoſt all the Motion of that Matter by Means 
* 4 mg the Objects which are beyond them act upon 
the Eye. 
8g. Whyit 5. And becauſe the Parts of Oyls are of ſuch Figures 
ee e, 3 Will not allow them to lip by one another with eaſe, 
— zur as thoſe of Water do; and yet ſome of them are near 
io not ſo upon as groſs as thoſe of Water; it may happen, that 
bard, the Matter of the firſt and ſecond Element, may not 
be able to keep the groſſer Particles in Motion, though 
it may have Force enough to keep the other ſo; For 
this Reaſon, theſe Oyls may congeal ſooner than Water, 
and yet not become ſo hard; not only becauſe they are 
rare, but alſo becauſe the ſubtle Matter, which incom- 
ſſes them, is always agitating the Extremities of the 
ittle Branches of which every ramous Particle of of 
conan; and this makes them to have a kind of Soft» 
neſs. 
6. Why itie 6. It is evident that it muſt be very difficult for the 


2 Parts of Oyl to get out of the Pores in which they are 
of Oylto be formed; and that it is a very bad Way to endeavour to 
75 455 7 diſengage them by a violent Heat; for this will rather 
which bey break in Pieces their Branches, than draw them out, and 
ore. by that Means change the Form and Nature of them: It 

is on the contrary, more proper to make uſe of ſomething 


which can enter gently into the Bodies in which Qyl is 


contained, and ſeparate their Parts and widen their Pores, 


ſo as to give the branched Particles an Opportunity of 
coming out of their little Priſons, And this agrees with 
Experience; for Chymiſts have no better Method of 
drawing Oyl out of dry Bodies than to ſteep them firſt in 
a ſufficient Quantity of Water, and then to diſtil the 
| * Whole through an Alembick, \ | 
7· Hero . 7, Now Water is the moſt uſeful for this Purpoſe, be- 
1 42% cauſe it will eaſily and with a moderate Heat aſcend in 
Oyl, and the Form of Vapour, by which Means its Parts will carry 
#64: be the Parts of Oyl along with them, which otherwiſe could 


= 2 not be moved and put in ſo great Agitation as to fly away 


Yapoure in Exhalations, without a much greater Heat than is ne- 
CO ceſſary to make Water evaporate ; and further, the Parts 
(AI. 


of Oyl are ſometimes fo er. tangled with each other, that 
| | ; they 


> Q 4+ _ % w=«ns % wH 4 
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they will burn ſooner than exhale alone. And this is an 
Obſervation worth remaking ; becauſe it ſhows us, that 
Exhalations cannot riſe out of the Bowels of the Earth, 
but that they muſt be accompanied with a great Quan- 
ny of Vapours, but that theſe latter may often riſe 
alone. 


8. The Nature of all Sorts of Oyl being thus ſuppoſed, S How ſomg 
it is eaſy to foreſee ; that if there be any particular Sort — * 
of Oyl, whoſe Parts may be broken in Pieces by being changed inte 
continually bent backwards and forwards, then every lit- © 7 wy 
tle Branch will be broke into as many little Pieces as it 8 
is made up of; the Figures of which not being ſo conve- glutinous 
nient to entangle each other as they were before, 1 * 
muſt neceſſarily compoſe a thinner and finer Liquor. And, 
on the contrary, if the Parts of any other Sort of Oyl, 
are very difficult to break, they may at laſt meet toge- 
ther in ſuch a manner, as quite to entangle each other, 
and conſequently they will compoſe a Body which will 
not be liquid at all. Thus it may happen, that ſome 
Oyls which are kept a long Time, may grow thin, and 
be converted into a Liquor like Water, which is not in- 
flammable as the Oyl was from whence it proceeded ; and 
that other Oyls may condenſe and become a viſcous Bo- 


dy like ſoft Wax. 


9. While the Oyls are concreting in the Bowels of the 9: Of the _ 


ature 


Earth, and after they are concreted, their Pores may be ere! 
hlled with a foreign Matter which is ſtopped in them, Su/pher,ond 


as, for Inſtance, that of the ſeveral volatile Salts ; and by of the ſeve- 


this Means, the ſubtle Matter of the firſt and ſecond Ele- 1 


ment being na longer able to enter into theſe Bodies in 
ſo great a Quantity as before; they will fo far loſe their 
Liquidneſs, as not to recover the Agitation of their Parts 
but by the Help of a conſiderable Heat ; Thus their 
Nature will be altered, and they will become hard, and 
very heavy Bodies, ſuch as Mineral Sulphur, and the ſe- 
veral Sorts of Bitumen taken out of the Earth. 
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c HAP. VI. 
Of METALS. 


1. Of M.. A LL Bodies which are taken out of Mines are called 

gy Minerals in general, and they are commonly di- 
ſtinguiſhed into two Sorts, The firſt Sort are all thoſe that 
will melt in the Fire, and can be forged upon an Anvil, 
and theſe are called Metals; the other Sort, are thoſe 
which have but one of theſe Properties at moſt, and they 
are called by the general Name of Minerals. 
2. That we 2. The Metals are, Gold, Silver, Lead, Copper, Iron, 
3 1 and Tin, to which we may alſo add Quichſilver, notwith- 
/ ſtanding it be generally liquid, and not capable of bein 
14114. — ] 2 * 9 5 A P 4 
forged : For we place it in the Rank of theſe, becauſe 
there are ſeveral Ways of making it ceaſe to be liquid, as 
for Example, by expoſing it only to the Smoke of mel- 
ted Lead. It is concerning theſe Bodies only, that J in- 
tend to ſpeak in this Chapter, and ſhall reſerve what J 
have to ſay of Minerals to the next Chapter. 

3. Of the 3. And firſt, it is to be obſerved, That though Salt be 

8 in its own Nature very fixed, yet this does not at all hin- 

Alea. der but that it may be moved with a very great Velocity, 
not only whilſt it remains in the Pores of the Earth, 
where it is firſt ſormed, and where it muſt have as much 
Rapidneſs as the firſt Element of which it is compoſed; 
but alſo when it paſſes out of the Pores of the Earth into 
other Pores which are a little bigger, if no other Matter 
but that of the firſt Element be ſuffered to ſurround it: 
For then, when it has loſt a great deal of its Motion, it 
will acquire it again, for the ſame Reaſon, that we ſee 
Water does, when it is mixed with Lime, and enters 
into the Pores of it. What I have now ſaid of the Parts 
of Salt ſingly, is to be underſtood alſo of the Parts of 
Salt, Water and oily Subſtances mixed together. We ap- 
prehend therefore, that all theſe may be moved together, 
and go along through ſuch very ſtreight Paſſages, that 
they have no room to turn either to the Right Hand or to 
the Left, but only to move directly forward all together; 
whence it follows, that being at reſt with reſpect to each 
other, they will form thoſe little hard Bodies which we 
imagine to be the component Parts of Metals, 


4. It 


Chap. 6. of NaTvrar PnilosoPuy. 153 


4. It is to be obſerved further, that theſe Sorts of lit- 4. Wa 
tle hard Bodies, muſt generally be formed very deep in a= —— ” 
the Earth, where the Earth it ſelf is very ſolid, and*Zowets of 
where ſuch Sort of Bodies as are neceſſary to form them c Earth. 
muſt conſequently be found ; rather than towards its Su- 
perficies, where its Parts are diſunited, and at ſuch a 
Diſtance from each other, that the Air and a great many 
other Bodies differently agitated, can get in betwixt them 
and hinder them from generating any thing that is fixed, 
as the component Parts of Metals muſt be, ; | 

5. Now it is eaſy to apprehend, that the Vapours and 5. Here they 
Exhalations which aſcend out of the Bowels of the Earth 3, — . 
with ſome Rapidity; may ſometimes paſs through par- che Super f- 
ticular Places, which though they be indeed very ſtrait, _ abe 
yet may be wide enough, compared with the ſmall ©": 
Parts of Metals which are brought thither out of thoſe 
Pores in which, - as in ſo many Moulds, they were formed 
and lodged. By this Means, theſe ſmall Parts are brought 
up very near to us, and ſtopped in the Sand and other 
Parts of the external Earth, which is within our Reach, 


and which Mens Curioſity have led them to ſearch into; 


and being lodged there, they compoſe thoſe Veins of 


Metals which are afterwards refined by Art. 

6. When the Parts of Metals are mixed with an ear- 6. That 

thy Powder, there is no doubt but that Fire is very pro- 2 — 
per to fetch them out and to rehne the Metal, be: per — ſpa- 
cauſe it will ealily diſperſe all that which is not metal- 74 Metals 
lick ; But if the ſame Parts ſtick in any Matter which g : 
is very hard, and whoſe Hardneſs they increaſe by fil- Matter. 
ling up its Pores ; it will be to no Purpoſe to make uſe 
of the Force of Fire in order to diſengage theſe Parts; 
becauſe Fire will not diſperſe any Matter which reſiſts 
it very much, without corrupting at the ſame Time and 
reducing into Smoke a great many of the metallick Parts. 
For this Reaſon when any valuable Metals, ſuch as 
Gold or Silver, are to be ſeparated from any terreſtrial 
Matter which is very hard, there muſt be ſome Artifice 
made uſe of, | 

7. But whatever the Manner of refining Metals be, ,, of b. 
the Metal it ſelf cannot but be very heavy, becauſe the Hardneſs of 
Parts of which it is compoſed, being very groſs and ſo- l. 
lid, that which is compoſed of them, muſt conſequent] 
be very weighty z and for the ſame Reaſon it muſt alſo 
be ſo hard, as not to be made liquid but by Means of a 
violent Heat, a 


8. Howes 
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8. A - 8. However, it may happen, that the Parts of a Me. 
Nee tal may be ſo ſmooth and ſo well poliſhed, and alſo 


| b : 
— (1) of ſuch a Figure, that they can touch one another 


1 Liquid. in a very few Places only: In this Caſe, they will 
compoſe a liquid Body; becauſe the Matter of the firſt 
Element, and ſome of the ſmaller Particles of the ſe- 
cond Element, will continue to low amongſt them, and 
ſo keep them in ſome kind of Motion, 

g. Wherein , 9: This Obſervation is very well worth remarking ; 

it differs becauſe it explains to us that particular Quality which 

from other makes Quickſilver to differ from other Metals, And as 

Meta. to the Differences obſerved in Metals, we may affirm in 
general, that they all conſiſt in this; that their com- 
ponent Parts are of different Bigneſs, of different Soli- 
dity, and of different Figures, 

10. bar it TO, It is therefore no Contradiction in the Nature of 

e ae Things, that by adding to the Parts of ſome cheap Me- 

yr Ay tals, ſome other Parts of Matter, which may cauſe them 

Lead into to be like the Parts of a valuable Metal, ſuch a Tranſmu- 

Ge/d. tation of Metals may be made, as ſo many Chymiſts 
have wiſhed for, and which ſome of that Profeſhon have 
declared that they have found, 

1 hes 11. But becauſe we do not know particularly what the 

rbat there is Figure and Bigneſs of the ſmall component Parts of Me- 

— 4 tals and other Ingredients which go to make ſuch a 

2be 4 Tranſmutation, are; neither is the Secret of uniting them 
together, as yet found out; we muſt think, that if it be 
true, that ſome Chymiſts have now and then converted 
Lead into Gold, it was by juſt ſuch a Hazard, as if 
a Man ſhould let fall a handful of Sand upon a Table, 
and the Particles of it ſhould be ſo ranged that we could 
read diſtinctly on it a whole Page of Virgil's Ainead, It 
is therefore great Folly to attempt to find out fo great a 
Secret by Reaſon or Art; And there is ſcarce any Thing 
more certain than that the Perſon, who would try to 
hit upon it by Chance, in making a great Number of 
Experiments, will be ruined- firſt, 


(1) Of ſuch a Figure, &c.) It fee how the principal PEz?nomena 
is probable that the Particles of of it are to be explained, in Cie. ct 
Rurckftver are (globular) or cylin= Phyficks, Book II. Chap. 4. Seck. 
rica]; which if they be, you may 39. 


12. Now, 
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. 12. Now if we conſider that the Parts of Metals are 12. V 
0 very ſolid, we muſt conclude, that they will reſiſt the — 
r Action of Light, and conſequently reflect it with its 
Il whole Motion ; whence it follows, that when Metals 
| are well poliſhed, they ought rather to appear bright 
e than coloured. 
d 13, However, Gold and Copper appear each of them 13. Fay 
to be of a peculiar Colour, the one looking yellow and C4 <* 
1 the other red. But this may proceed from hence, that — 
ch the component Parts, which conſiſt of original metal- Colos. 
AS lick Particles aſſociated together, (1) are bigger than 
in the component Parts of other , and that the In- 
n- terſtices which are left between them, make a conſide- 
li- rable Alteration in the Reflexion of the Light. And in- 
deed if there be as much Pains taken to burniſh Gold, 
of a5 is taken to burniſh Silver; that is, if the Parts of the 
le- Gold which ſtick up higheſt, be ſo ground down by 
m what Artiſts call a Bload-flone, and be made as level as 
1 an be with the reſt ; and the Gold be then looked upon 
ſts with a Microſcope ; it will appear very rugged and un- 
we evei, and like a great Number of little Mountains ranged 
cn cach Side with their Valleys betwixt them; the Situ» 
the son of which is ſuch, that if the Light be reflected 
le- I (on the Tops of them to any particular Place where the 
\ a Deis, there will be none reflected to it from any other 
em Parts of their ſmall Superficies, 
be 14, This (2) Interruption which there is between the,14- by 
ted Parts of Gold, is. the Reaſon why it will very freely — eaſy : 
; if fermit the Edges of Tools to enter into it, and conſe- 
ble, N quently, why it is eaſier cut than other Metals. 
uld i5. It may without doubt be conceived, that Metals 15. bar 
It man have all thoſe Properties which we have mentioned, f, mw f 
t a and yet their component Parts not be made up of thoſe i is 4 
ing Particles which we have ſaid they are made up of: But confirmed by | 
to I then it is not ſo caſy to account for the Experiments of — 
r of Chy miſts, who by the Reſolution of Metals, can draw: , 
Salt and Sulphur out of them: So that the Operations of 
Chymiſts help to confirm what we have advanced. 


erg? (1) Are bigger than the compa« Kc.) And makes it to be difolved- 
Se» nen? Parts, &c) See the Notes en by Aqua Regia, which will not 
Cbap, XXII. At. 18. of the n diffolve- Silver. See the Notes en 
Part. ; Chop, 23. Park, I. Art. 37, ard 
(a) Interruption which thers is, 18. | | 


ow, 
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Metals are 
Dutile, 


17. Why 
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16. But however this be, we cannot but think that 
the component Parts of Metals are long ; otherwiſe we 
cannot underſtand how Metals ſhould be ſo ductile as 
they are, whether they be (1) forged upon an Anvil, or 
drawn through a wire-drawing Iron ; whereas, if we 
ſuppoſe them to be ſomewhat long, it is eaſy to conceive, 
that when they are preſſed on one Side, they will {lip ſide- 
ways of each other without quite ſeparating. 

17. Further, it 1s not poſſible to conceive, that when 


Metals that a Piece of Metal is continually preſſed upon one Way 


have been 
forged are 
Harder to 


break 


Jergtb- 


ways, 


18. Th: 
Priperty 


the Parts of it ſhould be able to lye croſs ; on the contrary, 
we cannot but think, that they muſt neceſſarily ſo order 
themſelves as to place themſelves by each other's Side, 
and correſpond Length-ways to the Length of the whole 
Piece, which will make it eaſier to bend that Way 
than any other; And this agrees with Experience : for 
Metals which are beaten into Rods upon an Anvil, or 
drawn into Wire through a Wire-Iron, are very ſtrong 
Length-ways, but Breadth-ways they are many Times 
eaſier to break than Workmen would have them, And 
we obſerve Strings in them, as in the Slip of an Ozier. 

18. Theſe Strings ought not to be in Metal that 1s 
caſt and has not been forged : And fo we find that caſt 


cug „%%% Metal is as eaſy to break one Way as another. 


be in Metal 
that is not 
forged. * 
19. How 
Steel it tem- 
Pered. , 


20. Wh 
tempere 
Steel is fo 
bard, 


19. Steel, which is nothing elſe but fine Iron, is ca- 
pable of being made the hardeſt of all Metals: The Way 
of making it ſo is this; only to heat it red-hot in the Fire, 
and then throw it all at once into Cold Water; and this 
manner of hardening is what they call fempering it, and 
this makes it capable of cutting or at leaſt of breaking all 
Sorts of Bodies without Exception, even Diamonds 
themſelves : For it is certain they will break in Pieces 
with a ſmall Stroke with a Hammer if it hits right. 


by 20. In order to account for this Effect (which per- 
ha 


ps is one of the moſt admirable, and doubtleſs one of 
the moſt uſeful Properties that we know ) we muſt ſup- 


poſe that the Heat of the Fire, which makes the Steel 


almoſt ready to melt, puts the ſmall Particles, which 
each component Part is made up of, into Motion, and 
thereby cauſes the Particles of the two neareſt compo- 


(1) Forged upon an Anvil, &c,) „„ Inches Breadth each Way.” Plin. 
% An Ouace ef which (wiz. Gold,) Book 33. Chap. 3. But concerning 
«« js ſpread into ſeven hundred and the Ductileneſs of Gold. See Chaps 


% fifiy Leaves and above, of four 9. Part I. Art, 10 and 11. 


nent 
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nent Parts, ( whoſe Diſtance from each other was very 
ſmall, though far enough) to approach a little nearer one 
another, ſo that the Metal becomes more uniform than 
it was before; after this, being caſt on a ſudden into the 
cold Water, the metallick Parts (1) loſe the Motion they 
were in, before they have Time to gather together a- 
gain into groſs component Parts, with conſiderable Inter- 
vals between them : Whence it follows, that the Points 
or Edges of Gravers and the Teeth of Files can only flip 
over them without entring into them. 3 
21. And in order to reduce tempered Steel to the 21. How 
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State it was in before, we need only heat it red-hot again e may nal 


it loſe this 


in the Fire, and let it cool gradually ; for then the Parts. Hardneſs, 


which were uniformly joined together, will have Oppor- 
tunity of reuniting in a great many little Maſſes or Grains, 
and leaving as large Intervals between, as there was be- 
fore the Steel was tempered. 

22. Iron is capable of being hardened almoſt as much 22. Of tem- 
as Steel, provided it continues in the Fire longer than op. og 
Steel, before it be put into cold Water; and the Reaſon «er Metals 
why it muſt continue longer, is, becauſe its Parts are / % 
more fixed ; and of this we have a ſufficient Proof, be- * 
cauſe Iron is harder to melt than Steel. But other Me- 
tals cannot be tempered in this Manner, at leaſt by them- 
ſelves without any Mixture, becauſe a violent Heat, can- 
not put their Parts a little in Motion, ſo as to range 
them differently, without quite melting them. 

23. We find that a Compoſition of Copper and Tin 23: Hw a 
is very hard and brittle, though each of theſe Metals ſe- — 
parately is eaſy to cut, and will eaſily bend without break - Metal: may 
ing; the Reaſon of which is, becauſe their different Parts become bard. 
being uniformly mixed together, unite in very ſmall Maſ- 
les or Grains; whence it follows that they cannot be ſo 
cloſely connected together, in the ſame manner as a Wall 
built with ſmall rough Stone is not ſo compact as one 
built with large cut Stone: And for the ſame Reaſon, the 
Interſtices left betwixt them, are not large enough for 
the Edges of Tools to enter into; ſo that they can only 
ſlip over them, without looſening any of the Parts, 

24. We obſerve alſo, that Metals are very ſubject to 24. ar 
Ruſt ; Now Ruſt is nothing elſe but a Diſorder of their Ru? is a0. 
Parts, cauſed by the Action of ſome ſtrong Liquor, 4255775 * 
which is in great Agitation, the Parts of which get into 7 0-4; if 
the Pores of the little Maſſes, like ſo many Wedges; tee mtollick 


Parts, 
(1) Leſe the Metion, &c.) See Hook's Micregraphy, Olſerv. g. 
And 
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And becauſe theſe Pores are ſmaller in Iron and Steel 
when they are tempered than when they are not, and 
for that Reaſon it is then more difficult for other Bodies 
to enter ; we likewiſe conclude, that they are not ſo 
ſ ſubject to Ruſt, 
| _— 25. It is to be obſerved alſo, that the ruſty Particles of 
| Metal, are Metals are not entirely corrupted. For thoſe which come 
4 not akvays off of Copper, for Inſtance, which we call Verdegreaſe, 
| — may afterwards be converted into Copper again. 
Ru. 26. That Verdegreaſe Which is made of Braſs, ſhould 
| — afterwards be converted into Copper and not into Braſs, 
| 3 is no way inconſiſtent with what has been ſaid: For 
Braſs is the Braſs is not a real Metal, but only a Compoſition of Cop- 
—_ per, and a certain fuſile Stone called Lapis Calaminaris, 
's mixed together in the Fire. And it is probable, that the 
= Verdegreaſe is made only of the Parts of the Copper and 
not of thoſe of the Lapis Calaminaris, which is mixed 
with it. 
27. The 27. I ſhall finiſh what I propoſed to ſay concerning 
if Manner of Metals with an Explication of the Artifice made uſe of 
i refining Gold by the Spaniards in Peru, and other Parts of America, to 
ag ſeparate the Gold and Silver, from the Dirt and Stones 
which theſe Metals are found mixed with. Firſt, they 
beat toa Powder in Mortars, the hard Stones which they 
dig out of the Mines ; then they pour in as much clear 
Water as is ſufficient to make a very ſoft Paſte, which 
they ſprinkle with a little Salt and Quickſilver, and then 
they beat them up together for a conſiderable Time. Aft- 
ter this, they waſh the Mixture in ſeveral Waters, which 
ſeparate all that is not Metal from them, and the Gold 
or Silver appears at laſt like an Amalgama, as the Chy- 
miſts call it, with Mercury, which is afterwards made 
to evaporate with a moderate Heat: And then the Me- 
tals become like Aſhes, which they turn into Ingots, by 
melting them in a Crucible in a very fierce Fire. 
28. The 28. This Method of refining Gold and Silver, is very 
Reaſon of eaſy to apprehend ; For it is evident, that the whole Se- 
* nothing elſe but to break the ſmall Incloſures, in 
which the Particles of the Metals are contained; and the 
Water and Salt do the ſame Office here, as the Water 
alone does, when dry Plants, out of which we would 
draw Oyl, are ſteeped in it. And as to the Quichhſilver, 
it ſerves to unite and gather together a great many Parts of 
theſe Metals, which would otherwiſe be in Danger of 
running off with the Water, as they are waſhed. 
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CHAP. VI. 
Of MINERALS. 


* E RE are a great many more Things which need 1. Thar 


to be explained in Minerals than in Metals, and there are @ 


at man 
there are alſo a much greater Number of them. For we Gore Things 


reckon but ſeven Metals, whereas there are an innume- #2 be confi- 


rable Quantity of Minerals ; I ſhall here ſpeak only jean vet | 
what ſeems to me moſt probable with Regard to the Minerals, 


Nature of thoſe which are moſt common. than with 
2, Though (1) thoſe Places in the Earth where Metals E norng 

are formed are very much preſſed upon by the Weight 2. Ha 

of all the terreſtrial Matter which is betwixt theſe C4 of 


and ars 


Places and the Surface of it, yet thoſe Parts which are farmed. 
near the Surface are fo little preſſed upon, that they 
are ſeparated from one another by an infinite Number 
of Chops and Chinks, which are open every Way, and 
which give a free Paſſage to Vapours and Exhalations, 
and to a great many other Parts of Matter which are 
put in Agitation, by the Heat which is in the Bowels 
of the Earth: And becauſe it is the Property of Exha- 
lations to mix themſelves very eaſily with thoſe very fine 
terreſtrial Particles, which they themſelves looſen; they 
muſt compoſe a great many little Heaps, the Parts of 
which, after having been differently agitated amongſt 
each other, will agree to move all the ſame Way at laſt, 
which will cauſe them to be at reſt with reſpect to one 
another, After this, the Body which is thus compoſed, 


(1) Theſe Places in the Farth 
where Metals are formed, &c.) There 
is a very remarkable P. ſſage in Va- 
renius which ſhows us the inward Foot; Clay two Foot, white Gra- 
Conſtitution of the Earth fur a con- vel four Foot; dry Earth five 


« Sand eight Foot; Earth four Foot; 
o 
c 
c 
4 
hderable Depth, which becauſe it is * Foot z muddy Earth one Foot; 
c 
o 
o 
* 
o 
4 


Sard, upon which the Houſes at 
Amſterdam are built on Piles, ten 


very well worth Obſervation I ſhall Sand fourteen Fort ; ſandy Clay 
here tranſcribe. « Upon digging the three Foot; Sand mixed with Clay 
© Earth ſome t me ago at Amfter- five Foct 3 Sand mixed with Sea- 
dam, two hundred and thirty two Shells four Foot; after that a Clay 
© Foot deep, in order to make a Ground to the Depth of a hun» 
* Well, the following Sorts of Earth dred and two Foot together ; and 
© were obſerved: Gar en- Mould at laſt Gravel for thirty one Foot 
* ſeven Fuot; black Earth fit to „ more where the Digging ended.“ 
© burn, which they call Turf (tho* Farenius Geograpby, Book I. Prope 
© it is not the true Turf) nine 7, 

Foot; ſoft White Clay nine Foot; 


« 


having 


\ — 
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having a Force ſufficient to put the Matter which ſur- 

rounds it in Agitation, will by Degrees transfer all its n 

Motion to this Matter, and at laſt be at Reſt, being t] 

formed into a Figure very nearly round, And this, in t 

my Opinion, is the Method in which @ Grain of Sand B 

is formed, and in the ſame Manner innumerable Grains g 

may alſo be formed. v 

3. The 3. Theſe Grains are heavy, becauſe they are com- in 


Properties poſed of terreſtrial Matter, and they are hard, becauſe B 
17 Sand. without Motion: They muſt be tranſparent, becauſe 
the ſmall Globules of the ſecond Element, by which C 
they were agitated at firſt, keep open the Pores for ſo 
themſelves to paſs through : However, theſe Pores are ec 
not ſo many, but that there are a great many ſolid Parts 
alſo to reflect the Light; and becauſe their Superficies m 


are of different Roughneſs and differently uneven, this co 

cauſes ſeveral Modifications of the Rays of Light, and tic 

makes the Grains of Sand to appear of all thoſe different th 

Colours which. we obſerve in them. tio 

4. Hw 4. The Production of Clay is not at all different from Cr 

Clay ii pro- that of Sand; only we muſt add, that the Particles of Ag 
_— Clay are vaſtly ſmaller, ſo as to leave very little Inter- 

{tices between them, by which Means it is very difficult the 

for Water to penetrate them. tha 

. The 5. Becauſe the Parts that are brought up out of the or 


Reaſon of the Earth are not at all exactly alike, nor every where in the 

72 ſame Quantity; and becauſe alſo the Vapours and Exha- of \ 

Clay. lations which bring them up, are not the ſame every luc] 

where : it evidently follows, that the Grains of Sand the 

and Clay, cannot be of the ſame Bigneſs and Quality can 

every where. 

6. Why a 6. Though every ſingle Grain of Sand be tranſparent, be « 

_ FA yet a great Number of them together compoſe an o- I 

Grams con. pake Body: For the Light in paſſing through them go- and 

Poſe an opake ing ſeveral Times out of Air into Sand, and out of Sand rate 

* into Air alternatively ; every Superficies reflects ſome of bare 

the Rays continually, ſo that at laſt, there is none left mig 

to go on that Way which they at firſt tended, 

hw 7. Now if the Matter of which a ſingle Grain of leav. 

Flints, Cry- Sand is made, meets together in ſo great a Quantity as. I hind 
Hal and to compole a Maſs of any conſiderable Bigneſs, this Maſs 


— will be tranſparent, and according to the Degree of Hard- (5) 
duced. neſs which it has, and the particular Rangement of its wt 


Parts, it will either form ſome Flint-Stone, or Cryſtal, « nes 
or Diamond. 2 8 


8. Though V 


2 
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8. Though all theſe Bodies are very hard, yet they muſt 8. by at. 
notwithſtanding that, have been originally liquid : And — Fr 


that they were ſo appears from hence ; that they are all of cy are 


them of that Figure which Drops of Tyiquor of the ſame =—_ of fix 


Bigneſs, ought to be; and alſo from hence, that when a 
great many Pieces of Cryſtal are found together, as the 
very often are in the Mountains of Swi/erland, and in chole 
in the Milaneſe, they are all of the ſame Figure that little 
Balls of Paſte laid upon one another and preſſed together 
by their own Weight would be: For as every Piece of 
Cryſtal, is ſurrounded and compreſſed betwixt fix others, 
ſo it is ſqueezed into (1) a Body with ſix Sides very nearly 
equal, | | 
* It may alſo happen, that ſome metallick Parts may 9. Hens 
mix themſelves with the Matter of which all theſg are 2 ce 
compoſed ; and if fo, this will cauſe the Light to hav@par- aur are ge- 
ticular Modifications given to it, as it falls upon or paſſes nereted, 
through them, and then the Rays may excite the Senſa- 

tion of different Colours in us: Wherefore inſtead of 

Cryſtal, Flints, and Diamonds, we may have Emralds, 

Agats, Topazes, Rubies, Saphirs and ſuch like Jewels, 

10. What is here ſaid concerning the Formation — Con- 
theſe Sorts of Bodies, may be confirmed from hence, gr 16 
that Art, which imitates Nature, cannot make Glaſs been ſaid 
or artificial Cryſtal, without a large Quantity either of 5, b 
Sand or Flint diffolved by a violent Heat, the melting du#ion of 
of which is promoted by the Aſhes of Kali, or Fern, and Jewels. 
ſuch like Plants which contain a good deal of Salt in 
them. And Enamel, which reſembles precious Stones, 
cannot be made without adding a little Metal to the 
Matter of which it is compoſed, which would otherwiſe 
be only Glaſs. N 

IT. But it is to be obſerved; that in order for Cryſtal 17. hae 
and ſuch like tranſparent Stones to be formed and gene- * 
rated in the Bowels of the Earth,, they muſt not firſt be Grains 7 
hardened into Grains of Sand: For though ſuch Grains Sandalrady 
might afterwards be ſoftened in the Bowels of theπαNe- 
Earth, they could never unite together again, without 
leaving ſome Interſtices between them which would 
hinder them from being tranſparent, 


o 


cc are ſo perfectly {mooth, as not to 


(1) A Body with fix Sides very 
9 2 A © be imitated by any Art whatſo- 


nearly equal, &c.) «4 It is not ealy 


different Co- 


© to find out a Reaſon why it is ge- 
« nerated with ſexangular S des, and 
* the rather becauſe the Points are 


« of different Svrts, and the Sides 
TO hb. ib 


« ever. Pliny 37. 2. But for the 
Reaſon of this, See the Notes en 
Part is Chap. 22 Art. 22. 
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12. It is not eaſy to underſtand how Grains of Sand 
ſhould be ſoftened, but they may eaſily be joined to each 
other by ſome terreſtrial Matter which gets into the In- 
terſtices that are betwixt them, and ſo compoſe a Flint- 
Stone. 

13. There is no doubt but that in ſeveral Parts of the 


#bat there is Earth, terreſtrial Matter is carried up along with the Va- 
obich unites Pours: For we ſee that the Waters of a great many 


Fountains, though they are very clear, (1) yet contain ſuch 
a Quantity of theſe Exhalations, that in Time they ga- 
ther together into a large Heap. Thus the Waters of 
the Fountains of Ii and Arcuiel, contain ſo great a 
Quantity of them, that they ſtick to the concave Super- 
ficies of the Pipes through which they run, and form a 
Sort of Stone very hard and heavy. 

14. When the Parts of Clay are thus faſtened toge- 
ther by the Matter which ſtops in and fills the Interſti- 
ces, they compoſe Stones; which have different Qualities 
according to the particular Nature of the Clays which are 
found in different Countries, and that of the Matter 
which unites them. This appears from hence, that we 
find Stones in Quaries, where ſame Years before nothing 
was digged up but Clay. 

15. There is no Difference between the Production of 
Marble and of common Stone, but only this; that the 
Clay out of which it is made, conſiſts of much ſmaller 
Parts, which lie a great deal cloſer to each other, and 
conſequently the Interſtices between them, are more ea- 
ſily filled by the Exhalations which ſtop in them; fo that 
the Compoſition is more cloſe and compact than other 
Stones. Whence it muſt be very hard and capable of ta- 
king a good Poliſh. 

16. From the Nature of Stones both precious and 
common which we have here laid down, I don't ſee how 
we can deduce certain Properties which are mentioned 
by the Writers of Natural Hiſtory : As, for Inſtance, 
that a Blood-{tone, worn by a Perſon who has the Blooch- 
Flux, will ſtop the Diſtemper; and that other Stones will 
cure other Diſtempers. And therefore we find by re- 
peated Experiments, that theſe Sorts of Properties are 
falſely aſcribed to the greateſt Part of theſe Stones. But 
it is not ſo with reſpect to the Load-/tome ; ſor almoſt all 
the Properties thereof related by the Ancients, are 


(1) Net contain ſuch a quantity of them, &c.) See the Notes below on 
Chap. X. Ar ay Ca 


found 
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found to be true; and we have moreover found more 
ſurpriſing Things in it, than were known to the Ancients; 
but ſo extraordinary a Subject, demands to be treated of 
by it ſelf. 
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Of the LOAD-STONE. 
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T HESE Stones, which are very much of the Colour 1. What 4 


of Iron, but much harder and heavier, are taken out © 


ſtane 


b is, 4 
of the Iron Mines; they are not all of the ſame Bigneſs, Cage” 


nor of the ſame Figure; for they are found of all Sorts tales. 


of Figures, and of different Bigneſſes. The firſt Effects 
taken Notice of, were ſo ſurpriſing to all the Philoſophers, 
that it was impoſſible to have foreſeen ſuch, upon theix 
Principles of Reaſoning : But not to contend with them 
now, concerning the little Foundation they had to go up- 
on, and to ſhow the Strength of what | laid 
down in the firſt Part of this Treatiſe, I ſhall do here as 
if I were the firſt that had made any Obſervation about 
the Load-ſtone, And in the firſt Place I ſhall reckon up 
ſome of its Properties, which I ſhall content my ſelf, with 
only aſſigning a probable Reaſon for; and after that, I 
ſhall endeavour to eſtabliſh the Truth of my Conjecture, 
by thowing that all the Conſequences that can be drawn 
from it, agree with Experience. 


2. The firſt ſurpriſing Thing in the Load-ſtone, and 2+ 7c 


which perhaps was firſt found out by Chance, is, that if 


Load en 
attract 


it be placed at a certain Diſtance from a Piece of Iron, Tron. 


the Iron will move out of its Place, and go and join it 
ſelf to the Load-ſtone, and that fo ſtrongly, that it will re- 
quire ſome Force to ſeparate them from each other again. 
And thus it is ſaid, that the Load-ſtone draws Iron. 


3. Now in order to ſee if this Attraction be Reci- . 75 | * 


procal, we muſt contrive that the Stone may be eafily 


Tren draws 
tbe Loads 


moved, which is done by putting it on any light Thing fore aſs 


in the Shape of a Boat, and then letting it ſwim on the 
Water. After that, if we hold.a Piece of Iron at a cer- 
tain Diſtance, we ſhall ſee the little Boat move on the 
Water, and the Load-ſtone come and join it ſelf to the 


Iron, | 
L 3 
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4. That the 4. The carefully making this Experiment, has occaſi- 
* oned the Diſcovery of another Property of the Load- ſtone, 
ro turn its as ſurpriſing as any of the former; and that is, that 
Poles and its hen the Load- ſtone is alone in its Boat, and at Liberty 
8 to place it ſelf in that Situation which is moſt convenient 
Situation. for it; it always has a Tendency one particular Way, and 
turns it ſelf towards one Part, and ſeems by that Means 
to affect one particular Situation in the World. For it 
always turns one of its Sides towards that Part of the 
Horizon which we call the North, and the oppoſite 
Side to the South : And theſe two Parts of the Load- 
ſtone are thoſe they call its Poles, and the ſtreight Line 
which is ſuppoſed to go from one Pole to the other is 
called its Axis. 
5. That the 5. One of the moſt ſurpriſing Properties of the Load- 
MO) ſtone yet, is, that it communicates thoſe Properties now 
its Prepey- mentioned to the Iron which touches it, or which comes 
ries to Iron. within ſuch a Diſtance of it: Inſomuch that a Piece of 
Iron which has been touched by a Load- ſtone, or which 
has paſled very near it, will lift up another Piece; and 
has alſo its Poles, which turn towards the fame Parts of 
the World that the Poles of the Load-ſtone do. For 
Inſtance, a Knife which has been rubbed upon a Load- 
ſtone, will take up Needles and Nails of Iron or Steel, 
and the Needles of Mariners Compaſſes will turn to- 
wards the North and South, and the Extremities of them 
will point to thoſe Parts. 
6. That the 6. Upon this Occafion, I ſhall make ſome Obſerva- 
RE tions that are of great Importance. And the firſt is, 
- to lift up that a Knife rubbed upon a Load-ſtone, will have more 
« larger or leſs Power to lift up Iron, according to the Part upon 
2 7 which it is rubbed; and that it will lift up moſt of all, 
it be teucbed WHEN it is rubbed upon one of the Poles, and moved up- 
in one parti- on it Length-ways from the Handle to the Point. Thus 
2 an if the Body G repreſents a Load-ſtone, the Poles of 
Tab. XIV. Which are A and B; the Knife CD will acquire the 
Fig. 6, greateſt Force of all to lift up Iron, if it be drawn along 
the Line FE, ſo that the Part neareſt the Handle, touch 
5. If the the Load-ſtone firſt, and the Point touch it laſt. 
Tron be of. 7. The ſecond Obſervation is, that if, after it has been 
„ e touched upon the Load-ſtone in this manner, and acqui- 
cuntrary kłed the greateſt Virtue to lift up Iron, it be rubbed the 


. 2 contrary Way, that is, if it be moved upon the ſame 
oje ali the 


Virtue 


wich it had We all with ſurpriſe find, that it will in a Moment loſe 
Gcquireds | 2 | all 


Pole of the Load-ſtone, from the Point to the Handle; 


3 
t 
/ 
tf 
a 


* © 


K e 


” VY yy Ws as 


Chap. 8. of NATURAL PHaILosoPHy. 165 


all the Virtue which it had acquired, and not be able to 
lift up any Iron at all. | 
8. Theſe Obſervations regard the AttraZive Virtue of Pai = 
the Load-ſtone, as it is called; but as to the Directive Medis does 
Virtue, that is, the Virtue by which it places it ſelf in a t turn it 
rticular Situation with reſpe& to the Heavens; it is . ee 
be obſerved firſt, that the Point of the Needle of a Com- Horizon, 
paſs, which has been touched upon one of the Poles of a “= che 
Load-ſtone, turns to the oppoſite Part of the Heavens 3 
which the Pole it ſelf turns to. For Inſtance, if one turn to- 
End of the Needle touched the South-Pole of the Load- rd.. 
ſtone, that End will turn to the North. | 
9. We may obſerve further, that what has been wrote 9. Dat that 
by ſome Perſons, viz. That the Point of the Needle — 5 
which has been rubbed upon the Load-ſtone and turns which turns 
towards the North, raiſes itſelf up towards the Pole-Star, {9997s che 
is not true; but on the contrary, it bends towards the OP 
Earth, as if that Side was become the heavieſt. wards the 
10. The Needles in Compaſſes are by no Means pro- 2%, 
r to ſhow us how much this Inclination of the North- theQuantit 
Point towards the Earth is, becauſe their Center of J «61: Incli. 
Gravity is a great Way below the fixed Point upon which“ 1. 
they turn: Wherefore I cauſed a Needle to be made 
very ſtreight, and through the Middle of it I put a ſmall 
Braſs-Wire at right Angles to it, which ſerved to ſupport 
the Needle upon two ſmall Pivots, in the fame manner as 
the Beam of a Ballance is ſupported by the Handle ; both 
Sides were equally heavy at frſt, fo that it continued ex- 
actly in Aquilibrio, but after it was touched by a Load- 
ſtone and placed in the Plain of the Meridian, the Pole 
which was turned towards the North, weighed down on 
a ſudden, and did not ſtand ſtill till it inclined to the Ho- 
rizon near ſeventy Degrees. | 
11. "Theſe are ſo many of the Phænomena of the xx. Thae the 
Load-ſtone, as are a ſufficient Ground for us to argue 7%, 


upon, in order to find out what the true Nature of it 2 jo 


is; and that there may be no Miſtake, we muſt take care aLoad-fione, 


not to mix our own Prejudices, with the Facts and Ex- my = —_ 
periments. Wherefore, to ſpeak fincerely, and not to be ,,$1.vin, 
over-haſty in judging, we muſt freely own, that all the 
Experiments which have been made of the Load-ſtone, 
and which have raiſed our Admiration ſo much, are no- 
thing elſe but local Motion: Thus, for Example, when 
we ſay that the Load-ſtone draws the Iron, we can 
diſcover nothing elſe by our Sight, but only that the Iron 
moves locally towards the Load-ftone ; fo likewiſe, when 


L 3 we 


K 
5 
1 
* 
4 
4 


— — —5 222 wal - 1 1. 1 og ye rn "= — . 


166 ROHA ULT. Sys TEN Part III. 


we ſay, that the Load-ftone has a Tendency to one par. 
ticular Situation in the World; all that appears to us is, 
that when it is out of this Situation, it moves it ſelf h. 
cally till it is got into it, and then it continues at reſt. 
This being granted, we may affirm with Truth and Con- 
dence, that to ſearch out whence the Properties of the 
Load-ſtone proceed, is nothing elſe, but only propoſing to 
our ſelves to find out the Cauſe of certain local Motions 
which are made when the Iron is placed near the Load- 
ſtone, or the Load-ſtone near the Iron. | 
12. The ge. 12. And in order hereunto, if we look back to the 
EI general Cauſes of Motion, that is, if we examine what 
4 that 1s which makes a Body which was not in Motion 
to begin to move, we ſhall find that Philoſophers gene- 
rally aſſign two Cauſes, viz. Impulſe and Attraction. The 
firſt of theſe we can clearly conceive, and it follows 
from this Principle, acknowledge] by every Sect of Phi- 
loſophers, That the Parts of Matter are impenetrable by 
each other, and that a Body cannot move towards any cer- 
tain Place, without puſhing forward or diſplacing other By 
dies which are in its May. 
13. Tbat at- 13. Attraction, taken in the Senſe of Philoſophers for 
2 "of a particular Cauſe of Motion different from Impulſe, is 
of Marius. AS Was before obſerved, a Thing very obſcure, or rather 
a T hing that we have no Idea of, For though we may 
imagine that there are ſome particular Sorts of Motion 
which may very well be explained by Attraction; yet this 


is only becauſe we careleſsly aſcribe that to Attraction, 


which is really done by Impulſe. Thus when we ſay that 
a Horſe draws the Chariot to which he is harneſſed, it 
1s really no more than this; that the Chariot is fo faſt- 
ened to a Collar, that the Horſe cannot bear forward but 
he muſt preſs upon the Collar, and conſequently more 
the Harneſs and Chariot which are fixed to it. So like- 
wiſe, there is no Difficulty in the uſe of Syringes, Pumps 
and Syphons, when we once come to underſtand, that the 
Motion of heavy Liquors upwards is really done by In- 


pulje. 
14. fe ts 14. I do not now undertake to prove that the At- 
probable (hat trat; 


we Egge: of £4 ian ſpoken of by Philoſophers, is a Thing purely 
ebe Load. chimerical; that would carry me too far from my Subject. 
Bone are pre- But becauſe {mpulſe is à Thing very familiar to us, and 
pany pg which we can caſily underſtand ; I ſhall therefore make 
Mater, ue of /mpulje only, for the Explicaticn which 1 intend 

to give of the Properties and Effects of the Load-ſtone. 

Let us imagine then that when the Iron moves to- 


1 
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wards the Load-ſtone, or the Load- ſtone towards the Iron, 
that it is becauſe there is ſomething which impels theſe 
Bodies towards each other; and becauſe it is very uſual 
and very eaſy for us to conceive, that a Body which is 
in Motion can impel another Body ; let us imagine, that 
that which impels the Iron towards the Load-ſtone, or 
the Load-ſtone towards the Iron, is a third Body, or ra- 
ther a certain Matter which is in Motion, and which is 
very ſubtle, becauſe it cannot be perceived by our Senſes. 


15. Though we are at Liberty to ſuppoſe ſuch a ſub- 18. Bow this 


tle Matter as this, yet we are not at Liberty to aſcribe — 15 
mMcVvVeds 


what ſort of Motion we pleaſe to it. The particular Si- 
tuation which Load-ftones or Needles rubbed on Load- 
ſtones take, (they always turning to the North or South,) 


| forces us to acknowledge that this Matter - either moves 


from North to South, or from South to North, or per- 
haps both Ways. Further, the Inclination of the Nee- 
dle after it is touched by the Load-ſtone, -whereby it 
tends towards the Earth on the North-Side, muſt make 
us think, that the Matter which moves from North to 
South, moves upwards, and that the Matter which moves 
from South to North, moves downwards. 


16. All this might paſs only for Conjecture, if we had 16. bar 
not elſewhere ſhown, that there muſt neceſſarily be ſome 5 Hatter 


14. 


Matter which has theſe Properties. For if we call to 
Mind that Matter which we formerly ſaid deſcended 
from the Heavens, out of thoſe Parts which are near 
the Poles of the Earth's Vortex in the Form of a great 
many little Screws, which enter into the Body of the 
Earth through the Pores which are parallel to its Axis, 
we ſhall have Reaſon to think that this Matter is capa- 
ble of producing theſe Effects : For thoſe of thele little 
Screws which are entered in through the Northern He- 
miſphere, when they come out into the oppoſite Hemiſ- 
phere, cannot but do one of theſe three Things; viz. ei- 
ther they muſt continue to move ſtreight on into the 
Heavens, or they muſt return back TY into the 
Earth, or elſe they muſt go round about its Superficies 
in the Plains of different Meridians, and ſo mixing with 
the cœleſtial Matter enter again into the ſame Pores 


which they before paſſed through. Now the firſt of 


theſe is impoſſible, becauſe the Interſtices which are be- 
tween the Globules of the ſecond Element that is in theſe 
Places, are already filled with the fame fort of Matter, 
which has a perpetual Tendency to deſcend towards 
the Earth, So likewiſe it is impoſſible, that theſe ſinall 

L 4 Screws 
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Screws ſhould return back again into the Earth, either 
through the ſame Pores which they came out at, by go- 
ing the direct contrary Way to what they went before; 
becauſe theſe Pores are always full of the ſame ſort of 
Screws, which have a perpetual Tendency to go out; 
or through the Pores into which thoſe Particles which 
deſcend immediately from the Heavens enter, becauſe 
theſe laſt ſort of Screws being turned the contrary Way 
to the other, require Pores, the Nuts of which are for- 
med quite difterent, ſo that what will paſs through the 
one will not paſs through the other. We muſt conclude 
therefore, that this Matter continues to move along the 
Surface of the Earth, in the Plains of all the Meridians 
in order to re-enter into the ſame Places which it entered 
in at before. 
17. Thatthe 17. What has been faid of the Matter which enters 
—_ into the Earth out of the Northern Hemiſphere, ought 
moves in the equally to be underſtood of that Matter which enters into 
external it out of the Southern Hemiſphere. But it is to be 


1 = obſerved, that when I ſpeak of the Surface of the Earth 

ſame manner upon which this Matter continually moves, I mean that 

5 in of the Interiour Earth; For I not only place the Air above 
this Surface, but alſo a conſiderable Thickneſs of that out- 
ward Earth upon which we dwell, which is as it were a 
Cruſt or Bark, which contains in it the inward Earth : 
So that the Matter which we are ſpeaking of, and which 
we ſhall hereafter call the magnetick Matter, moves 
within this exteriour Earth, in the ſame manner as it 
does in the Air, and in both of them it moves the con- 
trary Way to what it docs in the internal Earth. 

— 18. This being ſuppoſed, we may imagine the parti- 


line in par- cular Form of the Load-ſtone to conſiſt herein; that 
iculur. there are an innumerable Multitude of Pores made in this 
Stone which are parallel to each other, ſome of which are 
of the Shape of the Nuts of Screws which let the ſmall 
Screws that come from the North-Pole enter in, and o- 
thers of the Shape of ſuch Nuts as will let | thoſe little 
Screws which deſcend from the South-Pole paſs through 
them, 


1. Of the 19. As to the Iron or Steel; we can eaſily conceive 
—_— that they have alſo both theſe Sorts of Pores, but that 


they are commonly topped by the fineſt Parts of the 
Metal which {tick up in them like ſo many little Hairs; fo 
that we may call Iron an imperfect Load- {tone, and affirm 
them to be both the ſame fort of Bodies. Which is con- 


firmed by what was before faid, that Load-ſtones are 
found 
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found in the Iron Mines, and that they may be convert- 
ed into a very fine Steel by the Help of Fire. 

20. The only Difference that I need take Notice of . 4. 
here between Iron and a Load-ſtone, is that Iron is very Difference 
pliable, and that its Parts can be bent backwards and for- f 
wards ſeveral Times together before it will break ; where- p ous 
as, the Loadſtone, is very ſtiff, and its Parts will not 
bend without breaking. | 

21. The few Suppoſitions which I have made in order 21. iy the 
to explain the Nature of Iron and of the Load-ſtone, Load-fone 
are nothing compared with the great Number of Pro- 5 RM 
perties, which I am going to deduce from them, and Pare in tb 
which are exactly confirmed by Experience, The firſt Heavens. 
that offers itſelf, is the Situation of the Load-ftone it- 
ſelf and of Needles touched by it, which fo order them- 
ſelves, that one of their Poles looks towards the North, 
and bends on that Side towards the Earth, and the other 
looks towards the South, and raiſes itſelf up to the Hea- 
vens. And this muſt neceſſarily be; becauſe if the Load- 
ſtone be in any other Situation, the Magnetick Matter 
will in vain ſtrike againſt its Superficies, and not be able 
to enter in, and ſo will cauſe it to alter its Situation till 
the Length of its Pores coincide with the Lines deſeribed 
by the magnetick Matter. After which it is manifeſt; 
that it muſt continue in this Situation, becauſe it no lon- 
ger makes any Reſiſtance to the Motion of the Magne- 
tick Matter. 

22. Now becauſe the Inclination of the Line deſcri- 22. That th 
bed by the magnetick Matter, is different in different —_— 
Places of the Earth's Superficies, ſo that the nearer we are Ml 
to the Equino&tial Line, the nearer it is to being parallel ſome Situa- 
to this Superficies; and to thoſe who are under this 33 
Line it is exactly parallel to their Horizon, and to thoſe s 
who live in the Southern Parts of the Earth, it inclines 
the contrary Way to what it does in the Northern Parts; 
it follows, that the Load- ſtone or the Needle touched by 
it, ought not to have the fame Inclination every where; 
but that whereas the End of the Needle which points 
towards the North, inclines to the Horizon about ſeven 
Degrees at Paris; this Inclination ought to be found ſo 
much leſs as the Places where the Obſervation is made, 
are nearer to the Equator ; That under the Equator 
there ought to be no Inclination at all, and that be- 
yond the Equator that End which points towards the 
South ought to incline towards the Earth. All which 
have been confirmed by an infinite Number of Experi- 
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ments made by a great many Pilots, who never dreamt 
of philoſophizing about the Nature of this Stone. For 
when they had ſo ordered the Paſt-boards of their Com- 
paſſes in which the Needles are incloſed, that they might 
hang in equilibrio upon their Pivots, before they were 
touched upon the Load-ſtone; and when they had put 
pieces of Wax upon thoſe Ends of the Paſte- boards 
which looked towards the South, to hinder the Needles 
from inclining after they were touched ; in order to pre- 
ſerve this Equilibrium, they have been forced to take off 
theſe pieces of Wax by Degrees as they drew nearer to the 
equinoctial Line, and to put them on the other Side of 
the Paſte-board as they went Southward of the Line, 
All which is a certain Sign, that without this Wax, the 


Needle would have had all thoſe different Inclinations, 


which we have mentioned above. 

23. Whythe 23. It is evident that the magnetick Needle (whatever 
magnetick be done to it to make it parallel to the Horizon where 
_ _ we are) therefore points to the North and South, be- 
the North Cauſe the magnetick Matter which comes out of the 
and Seuth Earth moves from the North to the South at the ſame 
Time that it aſcends upwards ; and becauſe this Matter 
is turned out of its Way leſs, when it enters into an ho- 
rizontal Needle ſituate in the Plain of the Meridian, than 
if the ſame Needle were in the Plain of any other Aui- 
muth; And hence it follows, that if a Compals be car- 
ried very near to either of the Poles of the Earth, the 
Needle will turn it ſelf indifferently to any Part of the 
Heavens, becauſe in theſe Places the magnetick Matter 
moving in Lines perpendicular to the Surface of the Earth, 
it will not turn it ſelf to enter into an horizontal 
Needle any more when it points toward the North, than 
when it points towards any other Part of the Heavens, 
And this was found true by certain Dutch Pilots, who at- 
tempted to find a North Paſſage into the Eaſt-Indies; for 
when they came pretty ncar the Pole, their Compaſles 
vere of no uſe to them, becauſe the Needle turned to 

all Parts of the Heavens indifferently. 
24. Having thus ſpoken of the Load-ſtone and of 
magnetick Needles with reſpect to the Earth, let us now 
mo Hap _—_— compare two Load-itones together, and ſee what ought 
:4+r ſrem it, to happen when they are olaced by cach other in diffe- 
P-b XIV. rent Manners. And firſt, let us ſuppoſe a Load-{tone as 
„„ ſwimming upon the Water in a little Boat, in which 
it is ſo ſituated, that its Axis is perpendicular to the Ho- 
rizon, and the Pole 2 2, Which at other Limes turns it ſelf 
towards 


Countriehh 


24 Hoey 
ens Load- 
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towards the North, is turned towards the Earth, and its 
oppoſiter Pole b, towards the Heavens; then let us ſup- 
poſe another Load- ſtone as D, whoſe Pole B is that which 
commonly turns towards the South, be preſented to the 
Pole b of the former Load-ſtone. This being done, we 
muſt conſider, that the magnetick Matter, which enters 
in at A, and comes out at B, may alſo enter in at a, and 
come out at B, but cannot enter in at b, and come out at 
a; becauſe the magnetick Matter which comes out of 


f the Earth perpetually, and moves from a, to b, always 
a hinders it; and becauſe there are certain Particles in the 
f Pores of every Load-ſtone which like ſo many ſmall 
; Hairs are placed in ſuch a manner as freely to open a 


Paſſage for the magnetick Matter when it moves one 
” Way ; but to riſe up and ſtop the Pores, if the magne- 
tick Matter attempts to move the contrary Way. For 
the ſame Reaſon we ought to conclude, that the magne- 


* tick Matter which comes out of the Pole B of one Load- 

* ſtone, cannot enter into the Pole b of the other Load- 

* ſtone. So that the Motion and Effort made by the Mat- 

* ter which comes out of theſe Stones, tends to make them 

* puſh and drive away each the other, ſo that that which 

** is at Liberty in the Water, runs away, as if they were 

= at Enmity with one another, 

ny 25. Let us ſuppoſe again, that the Load-ſtone C ſwims 25. How one 
I upon the Water as before, and whereas the Pole B was wrap on 
be then preſented to the Pole b, let the Pole A be now draw a. 
he preſented to the Pole b, ſo that the North-Pole of one ber to it. 
er Stone may be againſt the South-Pole of the other. This 

h. being done, we are aſſured in the firſt Place, that the 

tal magnetick Matter which comes out at A being able to 

1 enter in at b, and that which comes out at b being able to 

_ enter in at A, there can be no Reaſon why theſe two 

2 Stones ſhould remove from each other. On the contra- 


, if we conſider that the magnetick Matter, which 
ics paſſes reciprocally out of one of theſe Stones into the o- 


© UF ther, is continually driving away the Air which is be- 
twixt them, and which croſſes its Paſſage, in order to 

ot make Way for it ſelf to move more freely; and becauſe 
* the World is full, this Air having no where to retire but 
abt behind the Stones, where by preſſing upon them it makes 
fle them draw nearer each other, that the magnetick Matter 
may move with the greater Eaſe : Hence we may eaſi- 
= ly foreſee, that that Stone which is at Liberty, muſt be 


% i=pelled towards the other, by the Air which is driven 


out 


4 
* 
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out of its Place, fo that it will ſeem to be drawn by 


26. Wat ts 
tbe South 
Pole of the 
Load. tone 
#bat looks 
Fowards the 
Horth, 


27: "How 
the Load- 
Stone draws 
Trang 


it (1). 

26. Since we acknowledge that the internal Earth has 
exactly the ſame Pores as thoſe from which the Nature 
of the Load-ſtone ariſes, we may affirm with others that 
the Earth is a great Load-tone, Wherefore, if we conſi- 
der that it is the South-Pole in one Load-ſtone, which 
turns it ſelf to the North-Pole in the other Load-ſtone, 
and the North-Pole which turns it ſelf to the South-Pole ; 
we muſt allow, that in the Load-ſtone, it is the South. 
Pole which looks towards the North, and the North-Pole 
which looks towards the South. 

27. For the ſame Reaſon that one Load- ſtone moves 
towards another, Iron when it is at a duè Diſtance ought 
to approach towards a Load-ſtone ; if the Weight be not 
too great, or if it be not hindred by ſome other Cauſe, 
For Iron being it ſelf an imperfect Load-ſtone, it be- 
comes as it were a perfect Load- ſtone, when it is within 
the Sphere of Activity of one of theſe Stones; becauſe 
the magnetick Matter which comes from thence, opens 
the Pores of the Iron, and then it reſembles a Load - ſtone. 
And what we have now ſaid of Iron with Reſpect to the 
Load- ſtone, holds the ſame concerning the Load-ſtone 
with Reſpect to the Iron, ſo that either of them that is 


at Liberty muſt move towards the other. 


(t) The learned Mr. Le Clerc 
propoſes a very great Difficulty here. 
Pbyſ. Bok II. Chap. 6. Se. 5. 
< Becauſe a Load ſtone conhiſts of 
« the moſt ſolid Matter that is, 
E there is no doubt but that there 
care a great many more ſolid Parts 
than there are Pores in it. Where - 
4 fore when two Load-ſtones are 
< placed near each other, the mag» 
« netick Matter which comes out of 
« one, and ſtrik es apzinft the other, 
c finding more ſolid Parts than Pores, 
6 ought to move them from eack 
© other. For the Ferce of that Mat- 
ter which daſhes ag-inſt the ſolid 
£ Stone, with ſo much Vehemence, 
4 and in fo great a Quantity, is 
e greater than that of the Air can 
be, which it moves out of its Place, 
« ard drives to the external Po'es of 
© the Load-ftonz , elpecialiy if we 
« conſider that the Air abour.dz with 
« {o many Pores, as will ⸗ffard this 


© Matter 4 free Paſſage through it”, 
Thus far He. But firſt, if one of 
the Load-ftones be never ſo ſolid a 
Body, the other is as ſolid, and there- 
fore there are Pores enough in the 
jatter, to receive all the Matter that 
can come out of the Pores of the for- 
mer. Secondly, it the Pores of two 
Load- ſtones do not all of them an- 
ſwer to each other, yet ſome of them 
certainly do, and therefore part of 
the⸗Matter which comes out of one 
Stone will enter into the Pores of 
the other, and the reſt of the Mat- 
ter will be very far from being able to 
remove them from each other.. El- 
pecially, when, Thirdly, it has re- 
moved the Matter between them out 
of the Way; and therefore the Mat- 
ter which is beh nd the Lo d ſtonee, 
muſt impel them tuwards each other. 
Though perhaps there is a real At- 
trad ion between them. See tbe Netet 
en Part l. Chap. 11. Art. 15. 


28. If 
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28. If any one doubts whether the Load-ſtone has 28. Thar the 
any Communication with the Iron, though it does not 2 
immediately touch it, he may eaſily be ſatisfied in this ſme Altera- 
Particular by Experience, For if he takes but the Needle 2%, — 
of a Mariner's Compaſs, for Inſtance, (which is converted — 
into a perfect Load-ſtone, by having been drawn over tt. 
the Pole of a Load-ftone one particular Way, ) and draws 
it the contrary Way over the ſame Pole, or the ſame Way 
over the contrary Pole, not touching the Stone, but hold- 
ing it at an Inch Diſtance, he will ſee the Needle turn the 
quite contrary Way to what it did before, and its South- 
Pole will become its North-Pole. 


29. It is eaſy for any one, who underſtands how the 29. How e 


Load-ſtone draws Iron, to ſee how a Knife rubbed: up- py 7. Iren 
on a Load-ſtone lifts up Nails and Needles. Neither , — 


will it appear at all ftrange to ſuch an one, that when the draws ano- 
ſame Knife is drawn quick over the Pole of the Load- — 2 
ſtone the contrary Way to that it paſſed before, it com- by ir tſee 
monly loſes its Vertue of drawing or lifting up Iron. For i Fertue 
we know that the Knife became a perfect Load- ſtone only ng 
by paſſing at firſt over the Pole of the Load-ſtone, when way, 
the magnetick Matter opened its Pores, and bent down the 
metallick Parts which ſtuck in them, one particular Way ; 
wherefore it is eaſy to imagine that it muſt loſe this 
Quality of a perfect Load-ftone, by paſſing over that Pole 
the contrary Way, becauſe the magnetick Matter does 
the contrary to what it did before, and raiſes up thoſe me- 
tallick Parts which it depreſſed, | 

30. And this will appear to the Eye to be ſo, if any 3% 4% Er. 
one has the Curioſity to make or to ſee the Experiment. yup. hy 
For, if we put ſome Filings of Iron or Steel upon a Piece Alteration 
of Paper, and move a Load-ſtone over them, we ſhall ſee — the 
the Filings place themſelves one upon another, and be- 1 
come like ſo many little Hairs bending all one Way; and Iren, when 
if after this, we move the ſame Part of the Load-ſtone, rag — 
the contrary Way under the Filings; we ſhall ſee the Way. 7 
lame Hairs riſe up and bend the contrary Way to what 
they did before, | : | 

31. The Iron would not deſerve the Name of a per- 31. Thar 
fect Loadſtone, if we did not ſee all the Properties of 79 '2uched 


ph Sis .. by a Loads» 
a Load-ſtone in it. Thus, it is not ſufficient, that it n 


draws Iron as we ſee it does, nor that it has Poles as we 6e have all 
find by the Needles of Mariners Compaſles: its Poles“ Pre 
ought alſo to turn towards or to turn from the Poles of a 
Load-ſtone, as we have ſeen two Load-ftones do 
when placed near each other: And this is to be ſeen evi- 

ently 


4121 of this 
Stone. 


' 
: 
: 
7 j 
7 
1 
"= 
Wo 
44 
g> 
Ez 
LH 
b \ 
1 4 
74 
* 
1 
* 
"0 
* 
K 
= 
11 
'Y 
1 
_* ny 
j . 
4 p 
0 
(1 


- 
4 
[ 
+. 
: 
f 
Wi _ 
| j 
” 
9 
9 
| 
s 4 
L 
£4 
=. 
1 
= 
x 
2 
L 


— 
W M 
— > nk — * oy 


— 


— 


15 


n 
A 


9 m— 
1 


_— 
2% Sad 


on 2 ** * 


—— — 
— — — 


n 
— 


— — 


ny emmy ere 


174 ROHAULT's Sysmnw Part III. 
dently in ſewing-Needles; For if ſuch a Needle be held 
by a Thread at a certain Diſtance from a Load- ſtone, it 
will go immediately to the Load- ſtone, and its Point will 
acquire the Vertue of the Pole oppolite to the Pole of the 
Load-ſtone to which it is joined: Thus, If it joins it ſelf 
to the North-Pole of the Load-ftone, it will acquire the 
Vertue of the Sauth- Pole, ſo that if afterwards the South- 
Pole of the Load-ſtone be preſented to it, it will turn a- 
way from it as if it had an Averſion to it. 8 

* „ 3 This is what ſome have called the Sympathy and 
the Sympa- Antipathy betwixt the Load-ſtone and Iron, which may 
Sy and _ be obſerved another Way. If we take a Piece of a 
oY „% broken ſewing-Needle, and put it upon a Piece of Paper 
Lead fine or Glaſs, and then place one of the Poles of a good 
OP tbe Iren Load- ſtone underneath, we ſhall ſee the Piece of Needle 

; ſtand up upon one End; and if we turn the other Fole 
of the Load-Stone to it, it will immediately change its 
Situation, and turn the other End up, 5 

wide; 33 But it is to be obſerved, that if the Point of the 
End of a Needle hanging upon a Thread (which we mentioned juſt 
Needle now) be made to touch the Pole of the Load- ſtone which 
peer bop it ſeem'd to flee from before; then it will afterwards go 
Vertue of ene towards this Pole and flee from the other. The Reaſon 
8 of which is, beeauſe the great Quantity of magnetick 
Fitucf be Matter which comes out of the Load-ſtone with Violence, 
oppoſite Pole. forces that ſmall Quantity which paſſes through the Pores 
of the Needle to go back and to move the contrary Way 
to what it did before; to which the Suppleneſs of the 
Parts of the Iron or Steel contributes, becauſe they will 
very eaſily bend, ſo as to make no Reſiſtance at all to the 
new Determination of the magnetick Matter. 


34. Why 34. The Parts of the Load-ftone being very ſtiff, it is 


 ebirPreperty impoſſible to bend them, or alter them from what they 


#s not in tbe 


Lead fans. Were at the firſt Formation of the Stone. So that the 


magnetick Matter muſt always paſs the ſame Way in them. 


And that which is once the North-Pole of a Load- ſtone, 
ought never to become the S2uth-Pole, by being placed 
before the $oth-Pole of a bigger Stone. And this alſo 1s 
confirmed by Experience, 
35. That 5. By all that has been hitherto ſaid, it is caſy to fee ; 
Ton may de that all the Vertue which is aſcribed to a Load-ſtone, 


uire the 


Yertue of a Ought to be aſcribed to the magretick Matter which paſles 
Perfect through it: But becauſe this Matter paſſes out of the 
Lene, Earth into the Load- ſtone through the Air, it follows, 


without be- ; ; : 
ins tucbed that if a long Piece of Iron be ſo plac'd in the Air, that 
ty a Load- its 
eue at all, 
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its Length very nearly correſponds with any of thoſe Lines 
which are deſcribed by the magnetic Matter, it muſt in 
Time acquire the ſame Vertue, which a Load-ſtone b 
touching it gives it in a Moment. And this we find to be 
ſo in all Sorts of Iron, which has for a long Time had 
one End turned towards the Ground or towards 'the 
North. Thus a Pair of Tongs which we take up the Coals 
with, and which we generally ſet upright, always has at 
the lower End, the ſame Vertue as we find in the South- 
Pole of a Load-ſtone, and it will attract the North-Pole 
of a Mariner's Compaſs-Needle, that is, that Pole which 
looks towards the South, and the upper-end has the Vertue 
of the North-Pole, and will attract the South-Pole of the 
Needle, or that Pole which looks towards the Nerth. 

36. It is to be obſerved, that in Order for theſe Expe- 35. Thar 
riments to ſucceed, the Poſition of the Tongs muſt not , e 
be changed ; for if they be turned upſide down, that End 1 
which is next the Ground, will acquire the contrary Ver- changer the 
tue to what it had before, becauſe the magnetic Matter 22 
will take a different Courſe in the Tongs, and move the 
contrary Way to what it did before: Thus, that End, for 
Example, which before attracted the Sauth-Pole of the 
Needle, will now attract the North-Pole. 

37. Now upon conſidering the Vertue which the Iron z,. Hm ie 
acquired in Length of Time only by its Situation with may ia 
Reſpect to the Earth; I imagined that a long flender — 
Piece of Steel might N made to acquire the fame Ver- Y:rrue of a 
tue immediately if after it was heated red-hot in the Fire, Pes 
it were dipped into the Water perpendicularly ; For I — 


a bout — 
thought, that when the whole Piece of Steel was thus ing reuched 


in the Fire, its Parts would be made very flexible, and con- ene. 


ſequently (1) might eaſily be bent by the magnetick Mat- 
ter ſo as to make no Reſiſtance to its Paſſage thro' it; af - 
ter which, being cooled all on a ſudden in the Water, 1 
conceived that the great Hardneſs which it acquired by 
this Means, would make it keep every Thing the more 
ſtrongly in that State they were put into; And indeed I 
was not deceived in my Conjecture ; for 1 found in the 
firſt Place, that the Steel thus tempered, preſerved at 


(1) Might eafily be bent, &c.) South-Pole, becauſe when its Party 
$0 likewiſe, if an Iron Rod be held are ſhaken in this manner, they are 
perpendicularly, and the upper-End the eaſier moved out of their P'aces, 
of it be firuck with a Hammer, and opena Paſſage tor the magyetick 
that upper Ead will become the Matter. 

Nor h-Pole, and the lower End the 
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each End the Vertue of that Pole, which it acquired in 
the tempering; and that the End which was towards the 
Ground, while it was tempering, continued to be always 
the South-Pole, though it were afterwards turned upſide 
down. Secondly, J obſerved that this Steel had not only 
a Power to move the Needle of a Sea-Compaſs, which 
is very eaſy to move becauſe it turns upon a Pivot; but 
that it would take up and carry along with it, as much 
| Filings of Iron or Steel as it would have done if it had 
Þ,.,p been touched by a Load-ſtone of a moderate Strength. 
e- * 38. Further, to take away all Suſpicion that the Piece 
enly the Si- of Steel acquired this Vertue, not from its Situation with 
3 Reſpect to the Earth, but becauſe the lower-End of it 
as was firſt tempered in the Water; I cauſed another Piece 
it acquire to be heated red-hot, and holding it ſo with the Tongs 
1 feet perpendicular to the Horizon, I poured the Water upon 
ow 2 69 it ſo that the upper-End was tempered firſt, But not- 
| withſtanding this, I found that the Ends of it, acquired 
the ſame Vertue, as they did when tempered in the for- 
mer Manner. 

Joon which p, 39. It may perhaps ſeem ſtrange to ſome, that a 
has acquired Piece of Iron which has been for a great many Years 
the Vertue of together in a Situation proper to acquire the Vertue of 
74 lifting up other Iron, ſhould yet acquire ſo ſmall a De- 
will yet take gree of it, that the Croſs which had been for above a 
up but a lit hundred Years upon the Steeple of the chief Church of 
2 Aix in Provence, having been blown down in a Storm 
8 and broken into ſeveral Pieces; none of theſe Pieces, 
though pretty large, would without Difficulty take up 2 
very ſmall Nail. But this will no longer appear ſtrange, 
if we conſider that it is the internal Earth, which is 
very deep in, that we eſteem as a great Load- ſtone; 
and that the greateſt Part of the magnetick Matter which 
moves about it, moves within the external Earth, which 
is like a Shell and contains the other in it; ſo that but a 
very little of this Matter reaches to the Surface of the 
Earth; wherefore there always paſſes a great deal more 
of it, through a good Load- ſtone than there does through 
ſo much Air of the ſame Bulk. Whence it follows 
evidently, that when a Piece of Iron is rubbed upon a 
Load- ſtone, a much greater Number of its Pores «re 
opened, than would be opened, if the ſame Piece of Iron 
ſtood a great many Years in the Air without coming near 

any Load-ſtone, 
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40. Now to prevent all the Difficulties which might 40. War 
here be raiſed, we muſt underſtand, that beſide the mag- — — r 
netick Matter which paſſes out of the Earth into the is of was 
Load-ſtone in Order to go out of the Load-ſtone into the * Mar. 
Earth again, there is always a certain Quantity of this OS 
Matter which moves in and about a Load-ſtone, and which Load-fine, 
makes a Sort of a Vortex round it. The Reaſon of 
which is, that this Stone being taken out of the Place 
where it is generated, as full of the magnetick Matter as 
it can be, it is eaſter for this Matter to return back and 
enter again into a Body whoſe Pores are all open to it, 
than for it to continue its Motion on in the liquid Air, the 
Parts of which being in perpetual Motion, thoſe of them 
which come croſs the magnetick Matter are no ſooner 
removed by it, but there come others immediately, and 
make the ſame Reſiſtance to it. 

41. But left any one ſhould think, that the inviſible 4r. 4 Provf 
Vortex of this magnetick Matter, which is continually , there 72 


. . a Vortex 
moving about every Load-itone, is only a mere Imagina- I 
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only obſerve the different Poſition of the Needle of a Sea- e 

Compaſs, when it is variouſly expoſed to a Load- ſtone: 

For we ſee, that when it is right againſt the Poles of the 

Load-ſtone, the Length of it coincides exactly with the 

Axis of the Load-ſtone, and as it is moved round it, it has 

different Inclinations, and all thoſe ſeveral Sorts, which 

we before ſaid the Needle in the Compaſs has in all the 

ſeveral Places of the Earth which are under the ſame 

Meridian. 52 
42, We ſhall be ſtill further convinced of this Cireu- 42. 4n:ther 

lation of magnetick Matter about a Load-ſtone, if we Procf of 

conſider how the Filings of Steel or Iron diſpoſe them- 44s; 

ſelves when they are let fall upon a Piece of Paſte-board Tab. XIV. 

which has a Hole in it, where a Load-ſtone is ſo put — 

that its Axis is exactly in the Plain of the Paſte-board ; 

tor the Diſpoſition and Rangement of the Filings being 

exactly ſuch as is repreſented in the Figure, there can be 

no Room to doubt, but that beſides the magnetick Mat- 

ter, which paſſes along the Axis AB, and which goes 

ſtreight on in the Air, there is ſome other alſo which 

going out at F, G, returns by I, H, towards D, E, and 43. The 

alſo, that there is ſome which comes out at D, E, and Pojtion of 

returns by I, H, towards F, G. 2 — 4 
43. Such a Sort of Order or Diſpoſition as is here res an excrae- 

prelented, is obſerved in all Load- ſtones, if they are ho- Y £29d- 

mogeneous or every where alike : But if they are not fo, 3% 
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and their Veins are interrupted or irregular, then the Duſt 
will range it ſelf differently according to thoſe Veins of 
the Load-ſtone, And this I have tried a great many 
Times in a Load-ftone like that drawn in the Figure, the 
Veins of which went winding about, very irregularly, 
becauſe they were interrupted by ſome foreign Matter 
which was got in and which ſeparated them. For having 
ſet it in Paſte-board, and let the Duſt fall upon it, I al- 
ways obſerved, that the Duſt diſpoſed it ſelf about it, not 
uniformly every where, as in others, but very diffe- 
rently, according to the Irregularity of the Veins, with 
which it began a great many different Circles in fome 
Places, and ended them in others; Thus, the Duſt which 
fell about C, made Circles with the Veins A, D, and 
that which fell about E, made other Circles with the 
Veins B, F. | 
Ge we 44. The Irregularity which appears in the Diſpoſition 
whichis Of the Steel-Duſt about this extraordinary Load-ftone, is 
made in the without doubt, a very ſtrong Argument, that there is a 


e Vortex of magnetick Matter about every Load- ſtone: 
about ne Let us now try if we can foreſee what ought to happen 
Load frone upon differently placing another Load-Stone near that in 


3 the Figure belonging to Art. 42. And in the firſt Place, 


Tab. XIV. let us ſuppoſe the South-Pole of one of the Load-ſtones 


Fig. 8. looking to the North-Pole of the other; then becauſe the 


magnetick Matter which comes out of one of theſe 
Load-ſtones is capable of entring into the other, and 
will rather enter into it, than turn about and go back to 
enter in where it went through before ; for this Reaſon, 
I ſay, the Steel-Duſt, which before was near one Pole 
of the firſt Load-ſtone, and which had gone forward in a 
ftreight Line in the Airas far as it was able, and then turn- 
ed it ſelf on each Side and bent back in order to convey 
the magnetick Matter round to the Places near the other 
Pole, that it might enter there; ought to unbend it ſelf 
again, in order to go ſtreight on to the ſecond Logd-fſtone 
and fo we find by Experience that it does, 
| 45. The contrary ought to happen, if the North-Pole 
e oo of one Load-ſtone be applied to the North-Pole of the 
— ze Other, or the Sauth-Pole of the one to the South-Pole 
paſite Pol: of the other, For then the magnetick Matter which 
comes out of the firſt Load-ſtone not being able to enter 
into the ſecond, will alſo not be able to go on freely in a 
{treight Line, becauſe it will meet with Reſiſtance from 
the Matter which comes out of the ſecond Load-ſtone ; 
wherefore 


45. Anetber 
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wherefore it muſt bend and turn about ſooner than it 


would otherwiſe do; and fo turn back the Steel-Filings 
ſhorter than they were before, that they may go a nearer 
Way to the oppoſite Pole of the firſt Load-ſtone, And 
ſo we find it really does. 


179 


46. The Alteration made in the common Diſpoſition 46. Another 


of the Courſe of the magnetick Matter, may alſo be ob- 


way of ob- 
ſerving t beſe 


ſerved in another Manner, which is very proper to give Alterationss 


us a true Notion of it: We muſt take a Load-ſtone and 
put one of its Poles to a Heap of Iron or Steel-Filings, 
ſo as that it may take up as much of them as it can car- 
ry ; then holding the Load-ſtone ſo that the Pole which 
is loaden with Filings be turned towards the Earth, let the 
Poles of another Load-ftone be alternately applied to it. 
This being done, when the different Poles of the two 
Load-ſtones look towards each other, the Filings of Steel 
which is upon one of them, and which ſtand upright like 
ſo many large ſtradling Hairs coming out of the Load- 
ſtone, will bend themſelves inwards, and get nearer to 
each other as if they were about to unite together: On 
the other Hand, when the ſame Poles of the Load-ſtones 
are turned towards each other, the ſame Filings will bend 
themſelves outwards, and divaricate from each other a 
great deal more than they did at firſt, 


47. By conſidering in this Manner the Diſpoſition of 47. An ex- 


the Steel-Filings about a Load-ſtone, it is eaſy to find out 


which are the Poles of this Stone, For it is plain that 


ct way to 
fond cut the 
Poe of a 


the Poles are the Extremities of that Pore by which the Led fore. 


magnetick Matter, which turns leaſt, or which goes the 
moſt directly that can be from North to South or from 
South to North, enters in and goes out : And conſequently 
the whole Length of this Pore may be taken for the Axis 
of the Load-ſtone : Thus in the Load-ſtone DEFG re- 
preſented in the Figure, A and B are the Poles, and the 
Pore AB is the Axis, which you ſee paſſes through the 
Middle of all the reſt. * 55 


Tad. XIV. ; 
Figs 8. 


48. But if this Load- ſtone be ſawn in two Pieces along 48. Hans 
the Axis, we muſt conclude, that each of the Pieces, as tbe Parts of 
for Inſtance C, muſt have its particular Poles, viz. the 4 


Load flone 


Points which are in the Middle of the Sides AE, FB, pave their - 
through which the magnetick Matter enters in and goes Particular 


out ; for it is in theſe Places that the Paſſage of the magne- 


Pole. 
Tab. XIV, 


tick Matter divides itſelf, there being but half the Mat- pig. 8. 


ter which comes out of one of the Sides, v:z. that only 
which comes out of the Pores near E, which goes along 
by H towards FB ; the other half which comes out cf 
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the Pores near A, goes along towards BF by L, which 
is a ſhorter Way than going by H. We may be con- 
vinced of the Truth hereof, by ſprinkling ſome Steel- 
Duſt about the Load- ſtone AEFBGD put into a Hole in 
a Piece of Paſte-board in the Manner before deſcribed ; 
for then if one Half of it be taken away, viz. that 
marked K, and the other Half be left, we ſhall ſee the 
Steel-Duſt part it ſelf in the Manner now mentioned. 
. 49. Now if the Pieces C and K of the Load- ſtone 
thetws fawn aſunder in this Manner, be joined together again, 
2 / by being laid one upon another; it is evident, that the 
Sw 3 magnetick Matter, which comes out of the lower-Part, 
ll to the cannot enter into the upper-Part, without going a great 
Axit, my Way about; but if the Half marked K be turned the 
SO 1 hg contrary Way to the other Half, the Matter which 
ebe contrary comes out of the South-Pole AE of the lower Piece, can 
way o bat enter in at BG the North-Pole of the upper Piece, and ſo 


tbey were 


before they take the neareſt Way that can be: Wherefore if the Piece 


were cut. K be ſuſpended on a Thread; and let down ſoftly upon 

4 C that Way which they were originally joined together; 
it is very pleaſant to ſee; that a little before they touch 
one another, the Piece K will turn it ſelf round to the 
quite contrary Poſition, in Order by that Means to factli- 
tate the Courſe of the magnetick Matter. 

56. Of the 50. And if, after theſe two Pieces C and K are thus 


Diſpoſitien joined together the contrary Way to what they were na- 
7 1 _ turally, ſome Filings of Steel be ſprinkled about them; 
theſe two then the Ranks formed by them will be like ſo many Se- 
Pizcesof a micireles terminated by the two adjoining Poles of the 
Load flane. two Pieces of Load-ſtone, the Center of which is the 
Extremity of the Line where the two Pieces are joined, 

51. That 5 1. If a Load-ſtone be ſawn aſunder, ſo that the 
tes Point: Plain of the Section be perpendicular to the Axis, then 
eee cg the two Parts do not require a different Situation from 
in the ſame that which they had before they were ſeparated ; becauſe 
2 the magnetick Matter which comes out of the one, can 
Pets, the enter into the other the moſt conveniently that can be; 
Yertues of but the two Points which touched one another before 
_ wa the Load- ſtone was cut, will become Poles of a quite con- 
Tab. Xv. trary Vertue. Thus, if the Load-ſtone ACBD, whoſe 
Fig. 2. Axis is AB, the South-Pole A, and the North-Pole B, 
be cut along the Plane CD; the Point b and the Point 
a, Which touched one another before the cutting, will 
become two Poles of contrary Vertue; that is, the 
Point b will become the N9r7h-Pole of the Half E, = 

| tne 
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h the Point a the $:uth-Pole of the half F. For, all that 
E magnetick Matter which came from the South, and en- 
% tered into the whole Load-ſtone at the Pole B, ought af- 
n | tcrwards to enter into the Piece E at b; and all that 
Matter which came from the North, and entered in at 
it A, ought to enter into the Piece F at a. All this may 
6 eafily be confirmed by Experience, by making either of 
theſe Pieces E or F ſwim upon the Water in a little Boat, 
j or by turning the Points b and a one after another, to- 
1, wards the Needle of a Compaſs. For then we ſhall fee 
eme Point b of the Piece E always turn it ſelf to the South, 
t, and that it will draw the Sauth-Pole of the Compaſs 
at Needle towards it; and the Point a of the Piece F al- 
ne ways turn it ſelf to the North, and draw the North-Pole 
ch of the ſame Needle. From whence it follows, that they 
in are guilty of a very great Abſurdity, who think that 


o e two Halves of the fame Load-ſtone, have two en- 
ce tirely different Inclinations, and that one of them tends 
on with its whole Force towards the North, and the other 
r; on the contrary, towards the Sauth; but that when the 


ch Load- ſtone is actually cut in two Pieces, each of the Pieces 
he bas no longer the directive Vertue which was in the whole 
li- Stone. 
52. Thus we have ſeen how all the Properties of the 52. 9f the 
us Load- ſtone, hitherto mentioned, have been deduced A 
a from the Nature aſcribed to it. It i is otherwiſe with re- fone, and 
1; BI ſpect to the Armour; and it is very ſurprizing, that two — _ 
e- {mall Pieces of Steel, ſuch as CD, EF, placed as you fee fene fe: up 
he ia the Figures at the two Poles of the l A and nure Iron. 
he B, will take up a much larger Piece of Iron, than the . 
? naked Stone it ſelf will take up. But if we conſider, "#6 
he that a Load-ſtone thus armed will neither attract more 
en Iron, nor at a greater Diſtance than it did before, we may 
m; be able to find out the Cauſe of ſo ſurprizing an Effect: 
uſe For this being ſo, it is ealy to ſee, that the Increaſe of 
an che Force which we find in an armed Load-ſtone, ariſes 
e; from hence, that the Iron which is lifed up by the Ar- 
we I mour, touches it in more Points, than the Load-ſtone 
n- t ſelf touches it in: For, as was ſhown in the firſt Part 
oſe Jof this Treatiſe, that natural Glue, by which Bodies are 
B, I eined and faſtened together, and which hinders them 
int nom ſeparating, conſiſts in the Parts being at reſt, with 
vill rceſocct to each other. | 
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ee 5 3. And this is confirmed from hence, that if the Ar- 


flone may be mour of the Load-ſtone be ruſty, that is, if the Order of 


b:1ndred from its Parts be diſturbed, ſo that it is not capable of ſuch a 
fd. % Contact as it was before; or which is the ſame Thing, if 
we put a Piece of ruſty Iron to it; or laſtly, if we put a 
Body that is ever ſo thin, betwixt the Armour and the 
Iron that we would take up, as for Inſtance, a Piece of 
Paper, it will then lift up no more than if it were un- 
armed, whereas the Interpoſition of ſuch Sort of Bodies 
does not at all alter the other ſurpriſing Effects of the na- 
ked Load-ſtone, 
$4. How it 54. This Obſervation about the Armour, furniſhes us 
8 poſe with the Solution of a very great Difficulty, which is, 
Load flone, That ſometimes a weak Load-ſtone, upon touching a Piece 
— of Iron, which is ſuſpended upon another and much ſtronger 
off a Piece 4-0ad-/tone, will take it off thence and carry it along with 
of Iron from it: For it is reaſonable to think that in this Caſe, the 
wit ngen weaker Load-itone touches the Iron in more Parts than 
the ſtronger one does. 
$5. Thatthe 55. Lo this we may add, that the ſtronger Load-ftone 
exo Poles of does in ſome Meaſure increaſe the Vertue of the weaker 
gabe, one, becauſe it ſends forth a great deal more magnetick 
2% Lead. Matter to it, and helps to ſupport the Iron that hangs 
om , upon it. And this is the Reaſon why the Sauth-Pole, in 
2 all Load- ſtones, that have not ſome conſiderable Irregula- 
rity in them, will take up more Iron in theſe Northern 
Climates of the World, than the Nerth-Pole ; becauſe 
the Sauih-Pole may be aſſiſted by the Vertue that comes 
from the North-Fole of the Earth, but the other Pole 
cannot, 
56.Wiya 506. Some People have been very much ſurprized to ſee 
ES ,. that if a Braſs J/hirligig, whoſe Axis is made of Iron or 
bout longer Steel be turned round upon a Table, and then taken up 
2 * by a Load-ſtone, it will keep turning much longer, than 
N if it be left to move upon the Table; but this is eaſily ac- 
tban when it Counted for: For we need only conſider, that one Rea- 
2%, ſon why the J/hirhgig does not continue to move on for 
euer, is becauſe its Weight makes it to bear pretty hard 
againſt the Body it moves upon: But when it is ſuſpended 
upon a Load-ſtone, then its Weight, which endeavours 
to pull it off, cauſes it ſcarcely or but flightly to touch 
the Surface of the Load-ſtone, ſo that it turns about with 
ferry the greateſt Eafe that can be. 
fupportedin $57. Whence we may conclude, that if we make uſe 
e marner of a very ſtrong Load-ſtone, to lift up a very light Whir- 
%, ligig with; becauſe the Vortex of a Load-ſtone will at- 
4th while, | tract 


— 
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r- tract it much more ſtrongly, than its own Weight would 
of preſs it againſt a Table; it muſt ceaſe to turn about a 
a ber deal ſooner, than it would do if it turned upon a 
if Table. 
t 58. It may ſeem, that the Declination of the Load- 22 = 
he ſtone, or of a Needle touched by the Load-ſtone, may 2 the Load. 
of in ſome Meaſure contradict what has been ſaid concern- fore, and 
n- ing the Nature of this Stone: For, if it be true, that rg _ 
ies the magnetick Matter which makes a kind of Vortex {« i couched, 
la- about the Earth, moves from one Pole to the other, in dier not turn 
the Plains of the Meridians, why ſhould not the Need- ant ©, 
us les point exactly North and South * And why do they South, 
is, deviate in ſuch a manner, that the Sauth-Pole, which 
ece ought to look towards the North, declines about a Degree 
2 towards the Met? To which I anſwer, that the mag- 
ith netick Matter which moves in the Air, would go exactly 
he from Nerth to South, or from South to North, if it was 
an not ſome way to accommodate it felf to the magnetick 
Matter which moves in the exteriour Earth; but it hap- 
ne pens, that in this exteriour Earth, the magnetick Matter 
cer is ſometimes obliged to turn out of the Way that it 
ck W would go in by the general Cauſe ; becauſe it finds more 
12S convenient Paſſages in thoſe Places where the Iron Mines 
in are, And this is the Reaſon why the magnetick Matter 
la- which moves in the Air, does not always go in the Plains 
IN of the Meridians, and alſo why the Needles touched by 
uſe the Load-ſtone, are thereby determined to decline as we 
1s find by Experience they do. 
ole 59. Now in order to make Iron divert the magnetick 59. 4. Er- 
Matter out of its uſual Courſe, we need only place the periments 
ſee Needle of a Compaſs at a certain Diſtance from a Load- -. 
or ſtone, as we ſee the Needle CD in the Figure is placed Tab. xv. 
up with reſpect to the Load-ſtone whoſe Axis is AB, For *'& + 
"an ſo long as no other Iron comes near this Load-ſtone, the 
ac- © magnetick Matter which goes out of it, diſpoſes the 
ea- Needle to be very nearly parallel to the Axis AB; but 
for if any Iron comes near it, as for Inſtance, a Knife which 
ard the Matter that comes out of the Pole B of the Load-ſtone 
led paſſes through, to enter into the Pole D of the Needle, 
urs whilſt that Matter which comes out at A enters at C as 
ich it did before, we ſhall then find a conſiderable Alteration 
ith in the Needle, for it will quit the Line CD in order to 
Place it ſelf in the Line EF. 


at- M 4 60. And 
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— 3 £4 60. And becauſe it 13 certain that there may be Iron- 
fone bar nos Mines generated in ſome Countries where there were 
always the none before; and thoſe which were in other Countries 
ee may be worn out; therefore it may happen that the 
ſame Place Needle may have different Declinations at different 
os the Earth Times in the ſame Place. So that we need not be ſur- 
prized, that they who mentioned its Declination, about a 
hundred Years ago, affirmed, that it was fix Degrees to- 
wards the Eaſt at Paris, whereas by the moſt exact Ob- 
ſervations that I have been able to make, I found it was 
hardly one Degree that way about thirty Years ago, and 
is now one Degree towards the Mieſt. 
61. Tala, 61. But it is to be obſerved, that in order for the Iron 
Iren Mines to make the magnetick Matter turn out of its Courſe, it 
5 is neceſſary that the Situation of its Parts ſhould be ſuch, 
making the that the Pores which are in the form of Screws, ſhould 
Lead-jime continue on directly. And, ſince this Diſpoſition is 
#cune, not tobe found in all Mines, and there may be ſome, 
where the Parts of the Iron are confuſed, therefore the 
Iron in all Sorts of Mines is not proper to cauſe a Decli- 
nation in the Load-ſtone, nor is it eaſily to be attracted by 
this Stone. | 
G2. That « 62. Having thus explained all the Properties of the 
Load-ficns Load-ſtone, it remains, that we ſhow how it may loſe 
reducer © theſe Properties, and be reduced to a common Stone. 
euphe not eo In order to apprehend rightly how this may be done, 
life ip Iren we mult conſider, that that which is peculiar in the Load- 
Ry {tone is the Shape and Structure of its Pores; wherefore 
we can no ſooner imagine this Shape and Conſtruction 
to be deſtroyed, but at the fame Time we muſt think, 
that the Load-ſtone will ceaſe to be any longer ſo, and 
will not at all differ from a common Stone. Now it is 
evident, that if a Load-itone be beaten in Pieces and re- 
duced to a very fine Powder, the — Diſpoſition of 
its Parts will continue no longer, and therefore it is alſo 
cvident, that it will be no longer capable of having thoſe 
Properties which we ſo much admire in it. | 
63. An Ex- 63. And this is confirmed by Experience, For having 
periment of cauſed ſeveral Pieces to be cut off from a very good 
1 Load- ſtone, in order to make it of a handſomer Shape 
of magnetick than it was, I took the largeſt Piece, which would take 
Plafters, up a conſiderable Piece of Iron, and beat it ſmall, and 
put the Powder into a Rag, after which it would not 
take up the leaſt Piece of Iron that can be. And this 
may ſerve to undeceive thoſe who, becauſe they ſee 
that a whole Load-ſtone draws tron, imagine that . it be 
caten 
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beaten and made up into a Plaiſter, it will draw Iron out 

of a deep Wound : For they may learn from hence, that 

the diſunited Parts have not the ſame Properties which 

they had before they were ſeparated. And if Load-ſtones 

are found to be uſeful in Plaiſters, it muſt be for ſome 

other Reaſon than what they have imagined, | 
64. We may alſo foreſee, that Ruſt when it gets into 64. That a 

the Load-ſtone muſt ſpoil the Shape and Conſtruction A 


of its Pores; and therefore we may conclude that this 2 
Stone muſt loſe its Vertue by being ruſty. growing 


65. We may alſo foreſee further, that a violent Fire (2%, 
may do that in a few Hours, which Ruſt will take up Fire defroye 
ſeveral Years in doing ; becauſe it makes an Alteration in 2 m—_— 
the Load-ſtone very much like what we ſee it does in * 


Wood when it turns it into a Coal: Wherefore a Load- 


ſtone held ſome time in the Fire muſt loſe all its Ver- 
tue. 

66. We may likewiſe add, that the Air when it is moſt 65. _ the 
dry and leaſt capable of ruſting the Load-ftone, ought to = 3 
diminiſh the Force of it; becauſe it reſiſts the Motion Load. tone. 
of the magnetick Matter, which is endeavouring to come 
out of the Load-ſtone, and forces it to find a Paſſage 
within it; in the ſame manner, as we before ſaid, that a 
great Part of that Matter which moves within the inter- 
nal Earth, continues on its external Motion in the ex- 
ternal Earth which ſurrounds it: And thus the Parts of 
the Load-ſtone which are near the Superficies become at 
laſt very different from what they were. 

67. Now when theie external Parts are thus corrupt- 67 wy 
ed and ſpoiled, they are not at all different from a com- Part of a 
mon Stone; and they hinder that Part within, which is 2 E. 
ſound and entire, and which continues in the Form of a tine, life up 
Load-ſtone, from coming ſo near the Iron, as it would 2 
do if they were gone: And this may be a Reaſon why 8 
a whole Stone, may not be able to lift up fo much Iron fone. 
as it would do if theſe corrupted Parts were taken away. 

And indeed, I my ſelf have ſeen a pretty large Load- 
ſtone which weighed thirteen Ounces, and which would 
hardly lift up an Ounce of Iron, after a good deal of it 
next the Superhcies had been taken off all around, ſo that 
it weighed no more than five Ounces ; take up two Oun- 
ces and a Half of Iron. 
68. The only Remedy hitherto found to hinder the 53 Hew ebe 


Air from thus corrupting the Load-ſtone, is to ſurround it — 


erves the 


with ſeveral Pieces of Iron; and this perfectly agrees Yertue of the 


with what was juſt now faid : For the Iron ey Load ions. 
a freer 
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a freer Paſſage to the magnetick Matter than the Air 
does, it bends it ſelf and continues on its Courſe in the 
Metal, and therefore will not ſo ſoon make any Altera. 
tion in the Pores of the Load-ſtone. 
69. Ho a 69. In all the Effects of the Load-ſtone, the greateſt 
1 pd Share of them is owing to the magnetick Matter; where- 
Virus in a fore the Conſtruction of its Pores would be wholly uſe- 
Moment, and leſs if there were none of this Matter, But it may fo 
pee aer. happen, that the large Quantity of this Matter which 
wardi, moves about a great Load-ſtone, may carry off that 
ſmall Quantity, which makes a little Vortex about a ſmall 
Load-ſtone which is near to it : And thus I have found 
by Experience, that a ſmall Load-ſtone armed and ſet in 
a Ring, which would lift up two Qunces of Iron, loſt 
all its Vertue in an Inſtant, by coming too near a very 
good Stone. However it recovered it again in two Days 
Time ; which was doubtleſs owing to this, that the Air 
furniſhed it with magnetick Matter in the Room of that 
which it loſt. 
©. Of ſome 70. As to what ſome Writers have related, that a Load- 
Falltly ſeri. ſtone will not attract Iron, (1) if there be a Diamond 
5-4 to v, near, and that Onions and Garlick will make it loſe its 
Load tene. Vertue; theſe are contradicted by a thouſand Experiments 
which I have tried. For I have ſhown, that this Stone 
will attract Iron through the very thickeſt Diamonds, 
and through a great many thick Skins which an Onion 
is made up of, mm 
51. o/ be 71. Having at large explained the Properties of the 
attract tu Load- ſtone, and eſpecially that by which it attracts Iron; 
gps > I would not willingly neglect ſpeaking of that Property 
ſeveral ather taken Notice of in Amber, et, Gum, Wax, Glaſs 
Bodies. and moſt Fewels, all which, when they are rubbed, will 
1 take up indifferently Chaff and ſuch Sort of light Things. 
I am therefore of Opinion with ſome others that there is 
a certain Matter, which is very ſubtle, continually moving 
in the ſmalleſt Pores of theſe Bodies, and that it comes 
from the Center to the Superficies, where it is reflected 
inwards by the Reſiſtance of the Air which it then meets 
with, Now when theſe Bodies are rubbed, this gives 


a ſufficient Force to the Matter contained in them, to 


(1) If there be a Diamond near, © be attracted; or if the Load-ftone 
&c.) „ There is fuch a Difagree- «© is put to it and takes hold of it, 
«© ment betwixt a Diamond and a it will pull it away.“ Pliny, Bok 
« Load-ſtone, that if a Diamond bs 37. Chap 4. 

„% near, it will not utter the lron (9 


oVCrs 
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ir overcome the Reſiſtance of the Air, and to extend it 

e ſelf to a little Diſtance all round them; but becauſe it 

I cannot go very tar without loſing ſome of its Force; the 
Agitation and Circulation of the Air will drive it back and 

ſt force it to turn and enter into ſome of the Pores which 

3 it came out of, and where other Matter cannot ſo conveni- 

en ently enter, becauſe it is not ſo well proportioned to the 


o Bigneſs and Figure of thoſe Pores. Thus in Amber, for 
h Example, that has been rubbed, a great Number of the 


at Particles of this Matter, like ſo many fine Threads, too 
I! ſmall to be ſeen, come out of 1t, and dart themſelves in- 
id to the Air, where meeting with ſmall Bodies, they get in- 
n to the Pores of them, and then return back into the Am- 


| ber; at the ſame Time, the Air continually repelling theſe 
* ſmall Threads, and forcing them to contract themſelves 
VS into leſs and leſs Compaſs, preſſes likewiſe in the ſame 
ir Manner upon the light Bodies into the Pores of which theſe 
at {mall Threads have thruſt themſelves ; ſo that in return- 

ing back to the Amber they carry-ſmall Straws, in whoſe 
d- Pores they are engaged along with them. All which is 
id confirmed from hence, that we do not perceive the leaſt 
ts Degree of this Vertue in Amber or any other ſuch like 
ts Body if it be not excited by rubbing, 


ne 72. As to any Thing further; there is no Need of aſcri- 2. 4 Mir. 
, bing any other Qualities to the Matter which comes out of W 
n theſe Bodies, in order for them to have the Vertue of at- ,,. Auers 


about this 


tracting Straw and Chaff; as, that they muſt be greaſy Yerrue, 
he in order to have Things ſtick to them; for beſides that 


1; the Power of ſticking 1s not at all explained, it is not in 
ty the leaft probable that Glaſs or precious Stones, which 
ifs have the ſame attracting Vertue which we find in Amber, 
ill have any Greaſineſs in them. For if we could think that 


IS, there was any Thing of that Nature, in the Sand and 
1s Aſhes of which the Glaſs is made, it muſt all be conſu- 
Ng med by the Fire in which they are melted, 
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. 
Of ſubterraneous Fires and Earthquakes, 


* 


1. That % I N order to explain what is moſt extraordinary in the 
=_ - Earth, it will be very proper to ſpeak of ſubterraneous 


ſubterrane- Fires, The dreadful Effects produced by them do too 
ous Firer, is often excite our Admiration, not to endeavour to diſco- 
_- ver the Cauſe of them. The Fires which I here mean 
che Nature and intend to explain, are ſuch as thoſe which ſometimes 
; other are ſeen to come out of Mount Hecla in Iſland, Atna 
MR or Mount Gibel in Sicily, and Veſuvius in the Kingdom of 
Naples : And becauſe there is no manner of Difference be- 
twixt theſe Fires, and thoſe which we kindle in our Chim- 
neys, it is evident that we cannot explain the Nature of 
the one, but we muſt at the ſame 'T'ime explain the Na- 
ture of the other. So that this Diſcourſe will take in all 

that can be ſaid of the Nature of Fire in general. | 
7 o _ 2, Now if we conſider, that the principal Qualities of 
Zire, © Fire, are Heat and Light, we ſhall be convinced that 
its Nature conſiſts in nothing elſe but this; that Fire is 
nothing but a certain Collection of terreſtrial Particles in- 
difterently ſolid, which are all in a very great Agitation, 
becauſe they ſwim about in the Matter of the firſt Ele- 

ment only, which they are of the ſame Rapidity with. 


3 Why its 3. In order to have as clear a Notion of this as can be, 
— we muſt remember, that the Velocity with which the 


very dict. Matter of the firſt Element moves, is incomparably great- 
er than that with which the Parts of the ſecond Element 
move, and that the ſmal! terreſtrial Bodies which ſwim, 
in a Mixture of theſe two Elements, can only move with 
the Velocity of the ſecond Element, becauſe this ſtops 
the violent Motion which the firſt Element would im- 
preſs upon them : So that when theſe Bodies are ſurround- 
ed with the Matter of the firſt Element only, they muſt 
neceſſarily be as rapid as that, in the fame Manner as a 
Piece of Wood moves as quick as the Torrent it ſwims 


in, 
4. Pay is 4. This being ſuppoſed ; and taking alſo for granted 
106 and what has been faid concerning Heat in the firſt Part of 


this Treatiſe; it is evident, that the actual Motion of 
the ſmall Parts of terreſtrial Bodies which are ſolid, is 
the true Cauſe of the Fires being ſo hot as we feel it. ou 

1 


(1 
cerni 
ticula 
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if we call to mind what the Nature of Light was there 
ſaid to conſiſt in, we ſhall be convinced, that the Effort 
which all theſe terreſtrial Parts make to thruſt ſorward 
and drive off every Way round them the ſmall Globules 
of the ſecond Element, muſt cauſe, (1) the Fire to be 
luminous. | 

5. And that the Parts which Fire is made up of, ſwim g. How it 
in the Matter of the firſt Element only, is what we ſhall }! 22 
| be fully convinced of the Truth of, if we conſider how Tho 7 
| Fire is originally generated; that is, how it may be pro- Steel. 
| duced when there is none, either by ſtriking two Flints 
againſt one another, or rather by ſtriking a Flint-Stone 
; againſt a Steel. If therefore we look upon the Figure Tb. xv. 
and conſider, that the Parts of the Flint-ſtone A are fo Fs: 5 


connected together, that there are ſmall Interſtices left be- 

twixt them, which are filled with the Matter of the firſt 
l and ſecond Element: Whence it is eaſy to ſee, that b 
i the Stroke of the Flint-ſtone A againſt the Steel B, its 
; Parts may get ſo near to one another, and the Interſtices 
l between may become ſo ſmall, that they can contain on- 

ly the Matter of the firſt Element; the Matter of the 
f ſecond Element being driven out, and they then left full 
L of the Matter of the firſt Element; Then, if we conſider, 
$ that the Parts of a Flint-ſtone are very ſtiff, it is eaſy 
to apprehend, that they are alſo ſpringy and have a Ten- 
dency to return back into the State which they were in 
before; which they do with an incredible Swiftneſs. And 
becauſe Bodies which have a reciprocal Motion back- 


> wards and forwards, always go a little beyond the Place, 
e where they would be at reſt in their natural State; fo 
1 likewiſe the Parts of the Flint are ſeparated a little further 
t from each other than they were before it was ſtruck a- 


n gainſt the Steel, which cannot be, they being ſo very 
h brittle, but that they muſt be entirely ſeparated from the 
5 Maſs of which they were Parts. They muſt therefore fly 
— off into the Air, and be ſurrounded, for ſome Time at 


| leaſt, as you ſee in C, with the Matter of the firſt Ele- 
ſt ment: For being very ſolid, they have ſufficient Force to 
a puſh back every Way the ſmall Globules of the ſecond 
1s Element, (which are continually endeavouring to get in- 
, to the Places which they were driven out of,) by their 
of (1) The Fire to be luminous) Con- romena of Fire, See the Notes 01 
of terning the true Cauſe of this Par- Part I. Chap, 27. Art. 15. 

13 ticular, and of the following Phe. : 15 
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rapid Circumrotation : And therefore (2) theſe little Pieces 
muſt appear luminous. 

6. This being the Nature of Fire, it from hence follows, 
that it muſt go out in a Moment, if it be not ſupplied 
with Fewel; both becauſe the ſmall terreſtrial Parts of 
which it is compoſed, by daſhing one againſt another, 
are divided into {till ſmaller Parts, which have not Force 
enough to reſiſt the ſecond Element, which is continu- 
ally endeavouring to extinguiſh or choak it; and alſo be- 
cauſe theſe ſame Particles, by driving forward the Glo- 
bules of the ſecond Element, move on all Sides out of 
thoſe Places where they firſt were, and come in among{t 
the Parts of the Air, where they loſe their Motion by 
communicating it to the Air, and ſo go away in Smoak. 
7 The ge- . Fewel therefore mult of Neceility be added to Fire, 
neral Cendi- if we would have it long preſerved in the fame Place; 
- ag that is to ſay, ſome Body muſt be put ſo near to it, that 
*ur:ſþ Fire. the Parts of that Body may go into the Place of thoſe 
which are diſſipated by the Fire or which are converted 
into Smoak. And in order hereunto, it is neceſſary in 
the firſt Place that the Parts of this Body ſhould be fo 
diſpoſed, that they may eaſily be ſeparated ſucceſſively from 
each other by the Action of the Fire which they are to feed: 
And that there ſhould alſo be a ſufficient Number of 
them to repell the Parts of the ſecond Element, which 
are continnally endeavouring to choak the Fire: This the 
Parts of the Air cannot do becauſe they are too fine, 
wherefore Air is not fufficient to nouriſh Fire. 

8. The Conditions requiſite in terreſtrial Bodies to 


6. Why the 
Fire poes out 
or want of 


F. ewwel, 


3. The par- 


RY Cen compleat theſe two general Properties, are firit, that their 


Parts ſhould be of unequal Bigneſs, ſo that the ſmalleſt 
of them being f#ift agitated, may help to increaſe the Mo- 
tion of the larger: Secondly, that the Pores of theſe Bo- 
dies ſhould be large enough to admit the Parts of the 
third Element which are already on Fire, in order to put 
the Parts of theſe Bodies into Motion; And Laſtly, that 
theſe Parts ſhould be ſo connected with each other, that 
the Parts of the ſecond Element will ſooner be driven 
from them all round, than they entirely be ſeparated from 
each other, 


(t) Theſe little Pieces muſt appear 
luminous) Mr. Hook obſerved with 
a Microſcope, that the Particles of 
Steel being alſo melted into imal! 


Globes, or at leaſt being red-hot 
ſhine, and kindled the Tinder. See, 
tio Micograpby, Obſervat. 8. 


9. Every 
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9. Every one of theſe Conditions are to be found in all "IE 
Sorts of dry Wood, with this Difference only, that they are * 
in ſome in a greater, in others in a lefs Degree; wherefore 

they will all of them burn, but ſome more ealily than others; 

for Example, that which has the largeſt Pores, or that in 

which all the forementioned Conditions are found, or ſome 

of them in the greateſt Degree, will moſt eaſily burn. 

10. The firſt and the third of thoſe Conditions now 10. Wy 
mentioned, are indeed to be found in Metals, but be- _ core 
cauſe they have not the ſecond, they are not at all pro- — 
per to nouriſh Fire; yet however, as the moſt ſolid Wood, 
or that which has the feweſt Pores, will very eaſily burn 
when it is cut into Chips, or reduced to Shavings like 
thoſe taken off by a Joyner's Plane ; fo likewiſe the Fi- 
lings of Steel, thrown crofs the Flame of a Candle, will 
burn immediately, and every Particle of it will become a 
very bright Spark. | | 

11. The third of theſe Conditions ſeems to be wanting 11. Her 
in ſuch Liquors as Oils and Aqua-/ite, which yet are very 83 
eaſily converted into Fire. But it is to be obſerved, that ſerw+ to na- 
theſe Sorts of Bodies being made up of ramous Parts, % Fire. 
in which there are a great many little Corners that the 
Parts of the ſecond Element cannot get into, they muſt 
contain a larger Quantity of the Matter of the firſt E- 
lement, than other combuſtible Bodies generally do : Now 
this Matter of the firſt Element, conſpires with that of 
the Fire, to drive away the Globules of the ſecond Ele- 
ment, and contributes to make the Parts of theſe Sorts of 
Liquors the more inflammable. 

12. When I ſaid that one Condition neceſſary to make 12. 1 
a Body capable of nouriſhing Fire, was, that it muſt ben” — 
porous (and its Pores muſt be filled with ſome Matter, 
becauſe there is no vacuum in Nature;) I did not mean, 
that its Pores ſhould be filled with ſuch Matter as can 
hardly be driven out; for that is much the fame Thing as 
if it had no Pores at all: Thus, green Wood, whoſe Pores 
are filled with a great deal of Water, will ſcarce burn at 
all, in Compariſon with dryW ood, out of which, the Air 
which gets into the Place poſſeſſed before by the Water, is 
very eaſily forced; and thus likewiſe, a Linnen Rag dip- ' 
ped in Aqua-Vitz, when it is ſet on Fire will not be burnt, 
becauſe the Fire which is nouriſh'd only by that Spirit 
has no more Force than is ſufficient to lay hold of and 
carry away the Parts of the Aqua-/ite, ſo that it cannot 
agitate the Parts of the Rag, fo long as it contains ſome 
other Bodies beſides Air in its Pores, 

2 13. Ir 
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tbe Nature 
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13. If we conſider the Ingredients of which (1) Gun- 
powder is made, we ſhall find that it has all the Condi- 
tions requiſite to make a Body take Fire with the greateſt 
Eaſe. It is a Compoſition of Sulphur, Salt-Peter and 
Charcoal, beaten together a good while in a Mortar, and 
now and then a little Vater in which Lime has been flacked, 
poured upon it ; This Mixture becomes a pretty hard 
Paſte, which in paſting through a Sieve, conforms it ſelf 
to the Bigneſs of the Holes, and is divided into ſmall 
Grains, which are afterwards dryed with great Care: 

14. Now Sulphur, is in its own Nature combuſtible, 
becauſe it is oily : And if it does not fo eaſily burn 
when it is in the Maſs, the Reaſon is, becauſe its Parts 
are then a little too much compreſſed, and beſides not 
being very ſolid, they are not able to drive from them 
always the Matter of the ſecond Element. The Salt-Peter 
is compoſed of very ſolid Parts, and which are of ſuch 
a Figure as take up more Room when they are put in A- 


(1) Gunpowder) The Cauſe of Salt of Tartar, whereby that Salt 


% „ d ¾ Ü- , ]§%ç SS p,, 


the Exploſion of Gunpowder is 
thus explained by the famous Sir 
Jaac Newton, When Gunpow- 
der takes Fire, it goes away into 


flaming Smoke. For the Charcoal 
and Sulphur eaſily take Fire, and ſet 
Fire tc the Nitre, and the Spirit of 
the Nitre being thereby rarified into 
Vapour, ruſhes out with Exploſi- 
on, much after the manner that 
the Vapour of Water ruſhes out 
of an /Zlipila ; the Sulphur alſo, 
being volatile, is converted into 
Vapour, and augments the Explo- 
fion. And the acid Vapour of the 
Sulphur, (namely that which di- 
ſtils ander a Bell into Oil of Sul- 
phur) entering volently into the 
fi cd Body of the Nitre, ſets looſe 
the Spirit of the Nitre, and excites 
a great Fermentation, whereby the 
Heat is further avgmented, and 
the fixed Body of the Nitce is alſo 
rari ſied into Fume, and the Explofi- 
on is thereby made more vehement 
and quick. For if Salt of Tarta- 
be mixed with Gunpowder, and 
that Mixture be warmed till it 
takes Fire, the Exploſion will be 
more violent and quick than that 
of Gunpowder alone: which 
cannot proceed front any other 
Cauſe than the Action of the Va- 


* pour of the Gunpowder upon the 


o 
4 
c 
c 
c 
c 
c 
c 
. 
c 
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is rarified The Exploſion ot Gun- 
powder ariſes therefore from the 
violent Action whereby all the 
Mixture, being quickly and vehe- 
mently heated, is rarified and con- 
vertes into Fume and Vapour, 
which Vapour, by the Violence of 
that Action, becoming ſo hot as 
to ſhine, appears in the Form of 
Flame. Opticks, pag. 317. 

So likewiſe concerning Aurum 


Fulminans mentioned above, (Part 


I. 


Chap. 26. Art. 13.) the ſame ex- 


cellent Perſon ſays, Pulvis Fulmi- 
4 


4 
c 
c 
c 
c 
c 
6 
o 
c 
c 
c 
c 
c 
c 
« 
c 
c 
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nans, compoſed of Sulphur, Nitre 
and Salt of Tartar, goes off with a 
more ſudden and violent Explo. s 
ſion than Gunpowder , the acid 
Spirits of the Sulphur and Nitre 
ruſhing towards one another, and 
towards the Salt of Tartar, with 
ſo great a Violence as by the Shock 
to turn the whole at once into 
Vapour and Flame. Where the 
Difſolutton is flow, it makes 
a flow Ebullition and a gentle 
Heat; and where it is quicker, it 
makes a greater Ebollition with 
more Heat; and where it is done 
at once, the Ebullition is contract- 
ed into a ſudden Blaſt or violent 
Exploſion, with a Heat equal to 
that of Fire and Flame.“ id. 


Page 335» 357. 
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gitation than when they are at reſt, with reſpect to 
each other. And as to the Charcoal, we know that that 
is made of Wood extinguithed before it is quite burnt 
up, and muſt therefore contain a very great Number of 
Parts eaſily to be put in Motion, and alſo a very great 
Number of Pores. For beſides thoſe which were in the 
Wood before, there muſt be a great Number of o- 
thers formed by the Fire. And as to the Lime-water, it 
is evident, that it ſerves, in the firſt Place, to hinder the 
other Ingredients from taking Fire, whilſt they are 
beating in the Mortar, and alſo to connect them a little 
together. But as the ſame Things may be done by a 
great many other Liquors, I don't ſee why this ſhould 
be uſed rather than any of them, except they who make 
Gunpowder find by Experience, that the Powder moiſt- 
ened by this grows ſooner dry, and is formed into harder 
Grains, | 0D BY * 10 n 

15. Wherefore, this ſurpriſing Compoſition, which 1g. / 
was firſt found out by Chance about three hundred Years Gf 
ago, will very eaſily take fire; becauſe the Fire which * 
is put to any ſmall Part of its Superficies enters in by 
Means of the Pores of the Charcoal, in a Moment of 
Time; and a great many Parts take fire almoſt all to- 
gether ; firſt thoſe of the Charcoal, which are the eaſieſt of 
all to be put in Motion; and then thoſe of the Sulphur, 
which immediately agitate the Parts of the Salt-Petre, 
and theſe being very ſolid, and dilating themſelves very 
much, are the Cauſe of the extreme Violence of the 
Fire, The Powder being in Grains contributes alſo 
hereto, becauſe a great many of theſe Grains can take 
lire together, 3 

16. (1) Flame is nothing elſe but Fire wholly diſ- 16. Wer 
engaged from terreſtrial Bodies which yet are not alto» Fane i. 
gether diffolved, the Particles whereof heing by the moſt 
vehement Agitation moved from their Place, and flying 
off, conſtitute a very rare, and conſequently very light, 
ſhining Body. 

17. The Pyramidal or pointed Figure of Flame, is 17. ey ie 
owing in the firſt Place to the Lightneſs of it, which by „ 
carrying it upwards, makes it open and divide the Air, ** 
which Opening muſt of Conſequence not be ſo wide at 


(1) Flame is wthing e, &c.) I flame without emitt ng a copions 
not Flame a Vapaur, Fume, or Ex- Fume, and this Fume burns in the 
ba/ation heated red-bot, that is, p Flame. Newt. Opt. page 316, 
bt as to ſhine? | For Bodies do na * 
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the Place where it ends; and it is alſo owing to this, that 
the higheſt Parts of the Flame are not ſo ſolid, and are 
leſs agitated than the other, either becauſe they have been 
battered, and worn by daſhing againſt each other, or be- 
cauſe they have loſt a good: deal of their Motion, for 
which Reaſon they are not ſo able wholly to reſiſt the ſe- 
cond Element which endeavours to compreſs them, 
—_— > 18. Becauſe the Parts of the Flame which are conver. 
the Air to. ted into Smoke have always ſome of the Matter of the 
wards the firſt Element going along with them; therefore there 
Flame. muſt always be ſome other coming to the Flame from 
the Places about it to ſupply its Place; which cannot 
be, but the grofſer Parts of the Air muſt be alſo dragged 
along with it; and this is the Reaſon why the Air moves 
towards the Flame. And this Motion is ſtill increaſed 
from hence, that the Air is forced to go and fill up the 
Place of the Parts of the Wood which are converted into 
Fire. | 
19. That 19. The Matter of the firſt Element, which drags the 
Flame con- Air along with it towards the Flame, cannot help drag- 
rao ging ſome of the Parts of the ſecond Element along 
Matter of with it alſo : Theſe therefore entering into the Flame 
be ſecond along with the Matter of the firſt Element in which 


5 they ſwim, muſt of Conſequence be as much agitated as 
that, and ſo conſpire with it to drive away every Thing 
that endeavours to ſuffocate the Flame, 

20. Why 20. I think I have not omitted any one conſiderable 

— Circumſtance with reſpect to Fire in general : One Thing 


another do may be here demanded, and that is, How it comes to 
not produce paſs, that if two Sticks be ſtruck one againſt another, as 
m_— ___ hard or harder than a Flint-ſtone is ſtruck againſt the 
rat Steel, we do not find any Sparks kindled : L'o which it 
may be anſwered; that the Reaſon is, becauſe the Wood 
being ſoft, the Parts which are ſtruck firſt approach a 
little ſooner to the ſecond than theſe do to the third, and 
ſo on: fo that a very little only of the Matter of the ſecond 
Element is driven out of the Wood: Beſides the Parts of 
the Wood not being at all {tiff, they return back very ſlow- 
ly into that State which they were in before they were 
{track : Wherefore they don't break quite off, but give 
an Opportunity to the Globules of the ſecond Element to 
enter again into the Pores out of which they were forced: 
'Whence it follows, that the Matter of the firſt Element 
cannot looſen the Parts of the Wood, nor put them into 
- a ſufficient Agitation for them to be in the Form o 
Fire. 2 


21. This 


crm 9. Zet buibeterar. 135 


ir 4, eee 


they will —— Sparks of Fire, in the ſame Manner which are 


as £4 lints ſtruck one againſt another. 80 likewite, les r_ _ ; 
if two Pieces of ſoft Wood be rubbed. one againſt another eh,, 4 


for ſome Time, ſo that a good deal of che M Matter of the mate rem 


ſecond Element is perpetually made to come out of them, * 
and the Parts of the Wood put into a more than ordinary 
Agitation, they will not only ſend.. forth Sparks of Fire, 

but many Times be all of a Flame. 

22. We might alledge for an luſtance of che Truth, of = * 
this, what is ſaid concerning certain People in America, 
who have no other Way but this to kindle a Fire when 
they want one; but not to go ſo far, don't we ſee every 
Day that the, Axle-tree of a Coach, when it. goes Very 
quick in dry Weather, and the Nave of the Wheel, ay 
their mutual Attrition will both be ſet on Fire? 

23. After what has been now ſaid concerning Fire in 23 of te 
general, there is no great Need of ſaying any Thing parti- ſabterrancous 
cular concerning ſubterreanexs Fires. For it is ey to Fires. 
apprehend, that where there are Mines of Sulphur or Bitu- 
men, they muſt ſend up Exhalations, which meeting with + ©» 
ſubterraneous Caverns, they muſt; ſtick to the Arches. of 
them, in the ſame manner as Scat does in our Chimneys, 
or as Flower of Sulphur does on the Tops of the Chymiſts 
ſubliming Veſſels, where they often mix themſelves with 1 
the Nitre or Saltpeter, —— comes out of thoſe Arches in 
like manner as we ſee it come out at the Bottom of an 
old Wall, and ſo it makes a kind of Cruſt which will 
very eaſily take fire. 0 

24. There are ſeveral Ways by which this, Cruſt. may 24. Several 
take fire; one is, the Daſhing together of ſome of its IR 5 
Parts which are forced by their own, Weight to ſeparate Fire. * 
from the Arch of the Cavern where this Cruſt is forxn- 
ed; another is, the Fall of ſome. great Stone; which 
is undermined by inſenſible Degrees (1) by the Rain till it 
be quite looſened from the Rock which is over this Ca- 


(1) By the Rain, Sc.) It bs c containeds, 9 „ perpe- 
© not only probable that Stones aze © tual wearing they grow lefs 
© broken bff by their own Weight, © lef:, and in length of Time be- 


but becauſe Rivers run over them, eme ſo weak, that they are no 


« the continual Moiſture weakens the * longer able to bear their on 
« ſoints of the Stone, and is every Weight. "Then Stones of a pro 
« Day getting it off from thoſe which „ digious Weight fall down, 2d 
c it is faſtened to, and (as | may lay) © thoſe Rocks tumble, &c. Seneca, 


« ſhaving off the Skin in which it is Nat. re. Back 6. Chaps 23. 
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vern, and ſo tumble down, and breaking in Pieces 
fome part of this Cruſt, it ſets it on Fire in the fame man- 
ner as we faid the Americans, ſet two Pieces of Wood on 
Fire, by rubbing them one againſt another; or as the 
Peftles in the Gunpowder-Mills ſometimes fet the Po- 
der on Fire, in pounding it, if the Materials ſhall chance 
to be but a little too dry: A third is, when one Stone 
as it falls ftrikes agaifiſt another, and ſo produces ſome 
Sparks which fet fire to the combuſtible Matter, that i 
near; to which we may add farther, that a large Stone, 


in falling from a very great Heighth in theſe ſubterrane- | 


ous Caverns, may by the Swiftneſs of its Fall, force the 
Air (which it meets with, and which it cauſes to aſ- 
cend,) to move ſo extremely ſwift, as to put ſome parts 
of the terreſtrial Matter which are there, in as great Agita- 
tion as the Matter of the firſt Element, and which may 


conſequently (1) fet on Fire all ſuch combuſtible Things \ 


., - as are in the Way. 
25 That 29. All the ſubterraneous Fires which are kindled in 


fubterrane- the Bowels of the Earth, do not always break out ſo as to 


our Fires be ſeen; for they may be immediately choaked as foon 4s 
which do 'the 


OE: begin, for want of Vents or Holes for the Fumes to 
. Sade chrough So that thoſe People who live upon the 
Earth under which ſuch Fires are kindled, may not al- 

ways perceive them. 


26. How 2286. However, if the ſubterraneous Cavern be filled 


are (au ſed, 


denſe Exhalation, ſuch as that which a Can- 
dle ſends forth when it is juſt put out, it may take fire 
all at once, and by dilating it ſelf, lift up the Earth which 
is above it, in the ſame manner as Gunpowder put into 
Mines hfts up the Ground -under which thoſe Mines are 
made. After which, when the Exhalation is ſpent, the 
Farth which is lifted up, falls down again by its own 
Weight; and in this manner are Earthauakes effected; it 
may alſo happen, that one ſuch Earthquake may be fuc- 
- ceeded by ſeveral others, if there be ſeveral Caverns near 
one another, which have any Communication with each 
other, ſo that the Exhalations they are filled with may 
be ſucceſſively kindled. * 


([..) Ser on fire, &c.) A much of ſome Liquors, ard of what thry 
more probable Cauſe of the ſetting call Pulvis Fulminans, See above 
on fire than any of theſe, is ſuch Art, 1% 

2 Fermentation of Vajours as that | 


27. It 
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Chap. 10. of NaTvRrAal PyilozotHy. 
27. It may fo happen, that a ſingle Cavern may be 

ſo large, and the Tract of Land which is as an Arch 

over it, may be ſo great, that it may divide aſſunder 


and open towards the Middle, and the Places thereabouts 
may fink down much deeper than they were before : And 


this explains how whole Tow 


one ſingle Earthquake, 


ns may be ſwallowed up by 


EBEN EE PLETE 


CHAP. X. 
Of FOUNTAINS. 


T HOU GH we cannot conſider the Origin of F oun- 1. That the © 
tains without ſome Kind of Admiration ; yet the En- NE io 


quiry into this Origin, does not ſeem to be any very come from 
difficult Thing, For firſt, if we conſider, that the che See. 


Springs of moſt of them never dry up, and that the Ri- 
vers, Which are a Collection of them, though they run 
continually into the Sea, yet never {well it, we may ea- 
lily conclude, that the Sea furniſhes all the Fountains: 


with Water, 


2. Moreover, ſeeing tis man 
Number of Chinks in the out ward Earth, it is reaſonable} 
to think, that theſe (1) are like ſo many Channels through rain. 


1 


which the Water is carried from the Qcean, by its own- 
Weight and Liquidneſs to the moſt remote-Places where 
we obſerve the Springs to be. But becauſe heavy Liquors 


contained in large Veſſels, keep themſelves. upon a Le- 


vel, and do not riſe higher in one Place than in another; 
we don't ſee how the Water which comes from the Sea 


(1) Arelike ſo many Channels, &c.) 
To which we may add, that Rain 
and me'ted Snow, and Vapours 
raiſed out of the Sea by the Heat of 
the Sua, and driven by the W. nds 
upon the cold Sides of very high 
Mountains, on which they ſtick, 6 


ing condenſed by the Cold, and run 


through the Chinks of the Earth 
and Stones, into Receptacles of Clay 
and Stones waich are within it; in- 


creaſe theſe Waters by being added 
ty them; or rather that they make 
up the princ pal Part, if not quite 
the whole of them. See Yarn. 
Geogr. Book I. C. ap. 16. Prop. 5+ 
C'erc's PVã Bock I. Chop. 7. Po, 
of the Orig. of the Nile and ot ber 
Rivers, * V and VIII. and the 
Pbileſopbical [ranſa tient „Numb. 119 
and 192, 
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gSiea near Haure-de- grace where this River diſcharges it 
ſelf, And yet the Countries of Burgundy and Cham- 
pargn,.. where theſe Springs are, being ſo much higher 
than the Surface of the Sea, as the whole Fall of the 
River Sein in the whole Length of its Courſe is, we muſt 
conclude that the ſmall Veins of Water, which reach to 
the Places where theſe Springs are and furniſhes them with 
Water, muſt riſe ſo much above the Surface of the Sea. 
Wherefore we muſt find out the Cauſe of the Waters 
being raiſed to the hollow Places in the Mountains from 
whence we {ce them come, and alſo explain why, when 
the Water in the Sea is falt, that in theſe Springs is 

not ſo. | "bt Al = = 
3- Thatrthe 3. We cannot acquiefce in the Opinion of ſome Phi- 
- „e aso loſophers, who aſcribe to the Parts of the Earth which are 
ap the Ma. above the Veins of Water, a Power of ſucking and draw- 
ters by Suc- ing them up to the Tops of high Mountains; becauſe we 
A are ſure that Suftion preſuppoſes a Power of moving it 
ſelf in the Body that fucks. Thus we cannot ſuck up any 
Eiquor without ſwelling our Bodies, which we ought 
not to preſume that the Earth can do; and the 
Compariſon they bring of a Sponge dipped into a lit- 
tle Water, ſignifies nothing: For, beſides that there 
can be but a little Water raiſed up in that Manner, it 
— would follow, that the Water in the Springs would be 
' .  falt, becauſe Salt can very eaſily paſs through all thoſe 


Places where any conſiderable Quantity of Water can 


paſs. | 
4. Nothing can be more abſurd than the Opinion of 
ſome other Philoſophers, who are perſuaded that the Wa- 
ter of the Sea extends it ſelf to thoſe Places, in the high- 
eſt Mountains, where we find any Springs, becauſe the 
Surface of the Sea is higher ſtill than thoſe Places in the 
Mountains: For if this were ſo, it would follow, that 
the Rivers which return into the Sea would aſcend and 
not deſcend. | 
„ That tbe 5. That then, which appears to me moſt reaſonable to 
Water ebe think concerning the Manner in which Water is raifed, 
_— from thoſe very low Places, and which are at ſuch a Di- 
of Vapurs Nance from the Sea, to which their own Weight and 
vp into the Liquidneſs brought them firſt, is this; that it is diſſolved 
— into Vapours by the Heat which is in the Bowels of the 
Earth, which Heat is found by Experience to be the great- 


er, 


4 An ab- 
jurd Opinion 
of ſome Pbi- 
I: ſophers, 


Part III. 
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er, the deeper we go: Now theſe Vapours cannot extend 
themſelves, nor continue on their Motion conveniently | 
by expanding ſide- ways, becauſe there are others which en- 
deavour to dilate themſelves at the ſame Time on all 
Sides; wherefore they mult neceſſarily riſe up into the 
high Mountains: And this is ſo true, that ſome of them 
are carried up into the Air, where they are afterwards 
formed into, and compoſe Rain, Snow, and Hail. 

6. This being ſo; It is eaſy to apprehend, that theſe 6. ba- theſe 
Vapours, when they come towards the Superficies of the Laut by 
Earth, where the Parts of it are cold, muſt loſe a great denſe 4. ſup- 
deal of their Motion: So that not having Motion enough h 5; 
to riſe any higher, there remains only ſo much as is ſuf- * 
ficient to make them flide by each other, and gather in- i er. 
to ſmall Drops of Water, whoſe Weight makes them run 
downwards; where a great many of them happening to 
meet together, they compoſe a ſmall Stream of Water, 
which runs on further to ſome Place where it unites it 
ſelf with a great many other ſuch like Streams; And thus 
they all of them together compoſe a pretty large Vein of 
Water, which finding ſome Cleft in the Mountain for it 
to come out at; we call it a Spring of running Water or 
a Fountain, 

7. The Veins of Water which thus ſupply the Springs 7. Thar 


or Fountains, ought to be found in the Cavities of Moun- % et- 


. . nl 
tains, that they may come out and run down by their own - ,$ + 


Weight: And as for thoſe, which in great Numbers Water. 
lie hid under Plains and Valleys, it is evident that they can 
never riſe from under the Surface of the Earth: However, 

theſe are not wholly uſeleſs ; For beſides their Uſefulneſs 

in moiſtning ſome Parts of the Earth, and affording nutri- 

eious Juice for Plants, they ſerve alſo to form Wells and 

to fill them, 

8. And becauſe the (1) Salt does not riſe up in Va- 8. That beth 
pours along with the Parts of freſhWater ; it is manifeſt 7/775, 
that the Waters of Springs and Wells muſt be freſh. eugbe to be 

9. Wherefore, if there be any Springs which ſend forth 
Sali-Water, as there are ſome in Burgundy and Lorrain, | Dax 
it is becauſe they (2) diſſolve the Salt which they meet j-nd forth 
with in the Earth as they run along; as we ſhall eaſily be S% Mater. 
convinced, if we obſerve that theſe Waters eat up their 


(1) The Salt does not riſe up, & ) other Salts, Cc. as it pofſes through 
We may add, that the Salt is gradu- the Earth, is prec pitated. 
3ily eparated from the Water oy be- (2) Diſſoive the Ja which th-y 
ing ſtrained through a great deal of meer with. &c.) See Varenius Cecgs. 
Saad, and perhaps being mixed with Book I. Chap. 17, Props 14 
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Banks by Degrees, ſo that they are now much deeper than 


| they formerly were. 

o r ee 10, If inſtead of Salt, the Veins of freſh Water meet 
of mid cisal With any metallick Matter or any Minerals whatſoever, 
Water: con. they take off ſome of the fineſt Parts from them; and 
fs. hence ariſes all the different Properties of thoſe Waters 
which have their particular Uſes in Phyſick, ſuch as thoſe 
of Forge, St. Mion, Pougues and Spar. 

11. The Waters of Bourbon are very (1) remarkable 
for their Heat, which very probably is owing to their be- 
ing mixed with ſome ſmall Bodies that are in great Agita- 
tion, which in ſome Meaſure reſemble thoſe ſmall Parts 
which riſe up firſt in Wine when it is diſtilled, and which 
Chymiſts call Spirits: For if theſe Waters be carried a- 
way, they immediately loſe all their Vertue, if the Veſſels 
they are put into be not well ſtopped. 

12. And it is not at all neceſſary, that all theſe particu- 
Mater, nieg lar Sorts of Water, ſhould contain any ſenſible Quantity 
vt co:1ain of thoſe foreign Corpuſcles, in order for them to have 
—_— thoſe Properties which we ſee in them. For we find by 
5 Experience, that Regulus of Antimony infuſed ſeveral IJ imes 
Bodies, in a large Quantity of Wine, will not be at all diminiſh- 
ed, though it makes the Wine a very ſtrong Vomit. A 
great many Phyſicians therefore do in vain perplex them- 
ſelves, to find out by Diſtillations what thoſe foreign Bo- 
dies are which are contained in medicinal Waters. 


Yr. Of the 
B urbou 
Water i. 


12 That 


23 Of pe- 


1775 n 
9 4. 


13. The Vertue aſcribed to ſome Fountains, (2) of pe- 
trifying, or turning into Stone, ſeveral Sorts of hard Bodies 
thrown into them, ſuch as Pieces of Wood, Bones, and 
Muſhrooms, conſiſts in nothing elſe but this, that they 


() Remarkable for their Heat, &.) 
See Senzca's Nat. Queſt. Book III. 
Chap 24. and Varen. Geogr. Book J. 


Chap. 19 Prop. 7. 


(2, Of perrifying or turning into 
Feine, &c.) There is a River in 
3 hrace, which i you drink of, it 
«vill turn your Boxwels into Stone, and 
caſes with Marble whatemer is put 
into it. Concerning which Seneca 
thus ſpeake, in his Nat. Queft. 
Bec ti. Chap. 20. The Mud of 
*+ jt is of that Nature, that it glues 
«* Bodees toge her, and hardens them. 
4% A the Duſt cf Putco: it it touch- 
c es the Water, it becomes Stone, 
„ ſ» on the contrary, this Water, 
jf it teuches any Thing f lid, ſticks 
„and cleaves to it. Hence it is, 


** that Tbinęe throwa into this Lake 


2 


cc areafterwards taken out converted 
« into Stones. The ſame Thirg 
% happens in ſome Parts of Italy, 
«« i you put in a Rod or a greenLeaf, 
in a few Days after, you take out 
«© Stone“ Aod Pliny, Book 
II. Chap. 103. 4 In the Cicont Ri. 
„ ver, and in the Lake of Yelinus, 
«© in the Country of Marca di An- 
c cona Wocd caſt in, is covered o- 
«© ver with a ſtony Bark, and in 
% Surius, a River in Colchis ; ſo that 
%a hard Bark commonly covers o- 
„ver the Stone ſtill. So likewiſe 
„ inthe River Si larius, beyond Sur- 
«« rentum, nat only Rods put in, but 
© alſo Leaves turn into Stone; The 
«« Water is otherwiſe very whole- 
6 {ome to drink. 
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| Chap. 10. of NaTvrar PHIIOSOR. 
contain in them, a great deal of that terreſtrial Matter, 
which we before ſaid helps to unite the more groſs Parti- 
| cles of Sand, and ſo compoſe Flint-ſtone, Free- ſtone, 
and Marble, a viſible Quantity of which is found (x) in 
the Tubes which bring the Waters of Arcuil and I 
0% this City; which Matter is ſtopped in the Pores of Paris. 
thoſe Bodies ſo that they are filled with it. And of this 
we have an undoubted Proof, becauſe the Bodies thus pe- 
triſied appear no longer porous, but are much harder and 
heavier than they were before. | 

14. If inſtead of that terreſtrial Matter now mentio- 2 the 
ned, raiſed up by the Heat of the Earth in the Form of 9% 7 
Exhalations along with a very great Quantity of Va- 
pours, this ſame Heat ſhould raiſe up a conſiderable 

Quantity of greaſy Exhalations, which might come to 
unite together and condenſe, when they meet with the 
cold Parts of a Mountain, theſe would alſo a 
greaſy Liquor, and conſequently we ſhould ſee (2) a Spring 
running with O:/. But this can happen but very ſeldom, 
becauſe ſuch Exhalations are much harder to be raifed up 
than Water. And if there be any little Veins of Oil to 
be met with at all, it muſt be in very low Places, ſuch as 
Mines are, | . 

15. There are other Springs which are remarka- 15. 9 « 
ble, not for any particular Vertue that is in their Wa- — 
ter, but only becauſe (3) the Water runs at a certain rain, 
Time, and keeps a certain Period: For theſe Springs 

| are obſerved to run when the Sea flows, and to ſtop 
when the Sea ebbs. It will be no difficult Matter to 
account for this, if we conſider that all the Way 
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(1) In the Tubes, &c.) © Awhitiſh 
© and commonly ſulphuriſh Water, 
© hardens about the Canals and 
Tubes. Senecas Nat. Queſt. 
Book III. Chap 20. © The Springs 
* at Marpurg beyond the Reme in 
© Germary are hat, and their Waters 
make a Pumice ftore about the 
Bank:.“ Pliny, Bot 3. cb. 5. 

(2) A Spring running with Oil, 
Ke.) Pelyclyrus relates, That near 
Soli, a City of Cilicia, there was 
a Spring that ſupp'ied the Place of 
Ol. Therphraftus ye, that 
there wi's a Spring in Atbiopia, 
' Which had the lame Vertue. That 
the Water „f the Spring Lycos 
* would burn by putting a Candle to 


© it ; and the ſame is reported of Fe- 
* batana.” Plin. Book 31. Chap. 2. 
Some ſuch Sort of Springs are now to 
be found alſo. See Varen. Geogr. 
Buck I. Chap. 17. Prop. 8. 

(J) the Water rum of @ certain 
Tine, &e.) « There is a Spring in 
* the Form cf a Well near the 
« Temple of Hercules at Cadiz, 
which ſometimes riſes and falls a» 
the Sea does ; at other Times it 
does the reverſe ; in the ſame Place 
another agrees with the Times ct 
« the Sea. Fliny, Book II. Coop. 
97+ There are ſome Springs now 16 
be found which do the fame. Sex 
Varen, Geogr, Back I. Coap. 17. 
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from the Sea to the Mountain where any one of theſe 
extraordinary Springs is, there is a Channel, into which 
the Water of the Sea enters but a little, the remaining 
Part of it being filled with Air only, becauſe it is above 
the Level of the Sea: This being ſuppoſed; every Time 
the Sea flows, it riſes up in this Channel and fills it fuller 
than ordinary: And as it riſes, it drives along the Air 
and Vapours contained therein towards the Head of the 
Spring: Whence conſequently the Water muſt run out, 
On the other Hand, when the Sea ebbs, the Water in 
the Channel deſcends, and the Air alſo that is in it re- 
turns towards the Sea, and carries along with it, all the 
Vapours that could be condenſed into Water; ſo that the 
Spring is dry all that Time. : 


OEMS ARIA AACR 


CHAP. XI. 
Of WINDS. 


1. Of the AVING thus endeavoured to give an Account of 
Mord, Mind. Rat is moſt conſiderable in the Far; let us now 
| examine what paſſes in the Air, and try to explain what 
are generally called Meteors, the moſt common of which 
is the //ind, that is to ſay, that ſenſible Agitation of the 
Air by which a conſiderable Part of it is carried out of 

one Country into another, 
„ That tb 2. Now if we conſider that the fluid Matter of the 
Wind ought firſt and ſecond Element which turns round about a certain 
. bbw cn- Center, deſcribes an entire Circle fo much the ſooner as 
e Koto the Circle is leſs ; for Inſtance, that which turns about 
i» cbe torrid the Sun, and is near it, makes a Revolution ſooner than 
Zone. that which is ſurther off; and that which is about Jupi- 
ter, and very near him, compleats its Courle ſooner than 
that which is more diſtant; we fhall be apt to think 
that the Caſe is the ſame with reſpect to che Matter of 
the firſt and ſecond Element which encompaſſes the Earth, 
and turns about it ; and conſequently it ſhould ſeem that 
(1) the fluid Matter which is about the IT 

ou 


1 The fluid Matter which it a- we may add, that the Sun, in all 
be; the Eouinefi-!, &.) To tas Patt: ©: the tonid Zone Very much 
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ſhould take up a little more Time to finiſh its Revoluk 
tion from Me to Eaſt, than that Matter which is about 
the two Poles, where the Circles deſcribed by it are the ; 
leaſt of all: And becauſe the Earth is always carried that 
Way by this Matter, we conclude, that it muſt be carried 
with a mean Velocity betwixt that of the Matter which 
is near the Poles, and that of the Matter which is near 
the Equator ; that is to ſay, it advances not quite ſo faſt 
from Miaſt to Eaſt, as the Matter which is near the Poles 
does, and a little faſter than the Matter under the Equa- 
tor; where conſequently we ought to perceive a Wind 5 
from Eaft to Vet. And this is what all Mariners have 
found by Experience; Who have always obſerved the 
Wind on their Backs when they fail from Eaſt or gt 
in the torrid Zone, and alway the contrary Wind when 
they ſail from J//e/? to Eaft. oY 
3. Becauſe the Air becomes of the ſame Nature with z. of 1b. 

the Country through which it paſſes, and is very much Yualtier of 
heated in going over ſandy Places, which reflect almoſt ©** 4 
all the Rays of the Sun; and very much cooled, in 
paſſing over Water, which abſorbs almoſt all the Rays; 
it will eaſily appear, that the Wind which we are ſpeaking * 
f of, muſt conſiderably cool thoſe Countries into which it 
V is carried over a long Tract of Sea. And thus we ap- 
t prehend the Eaſtern Parts of Africa to be very temperate, 
h though they be the Middle of the torrid Zone, becauſe 
e they are perpetually cooled by the E Wind which 
f comes thither from the Perſſan Sea: But it is otherwiſe 

in the J/e/tern Parts; for though the Eaſt Wind prevail 


e there as it does in the other Countries, yet it does not 
n come thither till it has had Time to be heated in paſſing 
18 over a great many ſandy Countries. 
it 

rarifies the Air which it is every Day North Wind ceaſes and cannot pe- 


almoſt direct iy over; and the Air 
thus rarified, becauſe when the Sun 


trate any farther ; upon tbe Sourhern 
Coaft beyond Lybia, as the Wind 


4. The 


in about ſetting, it cannot take up ſo &6/:4vs North and South bere, fo there 
* much Space, muſt neceſſarily be con- be Esſt and Weſt Wind airways 
deuſed by the Force of the denſer and l ſucceſſively by turns. Meteor 2. 
of heavier Air ruſhing upon it from Chap. 5. It 1s a very ond r ſul 
h, the Eaft. Wherefore the whole bing (ſays Fred. Binawenture) that 
at Mass of Air muſt conſtantly follow rhe o/deft Philoſophers, when neither = 
| the Sun, that is, flow towards the He nor any of the Antients, as we 
e, Weft. See Clerc's Phyſch, Book III. believe, bad found out ꝛb0bat tene 
1d Chap. 5. and the Phiof.pbical Tran - Countries were, ſcuuld yet ji truly 
Jacions, Number 183. and ſo exatlly declare whas Winds 
| Bit concerning the Wind's blow- did blow and what did rot, in tho/e 
all ing rom ttc EF in the torrid Zone, Places where they bad never been. 
* Ariſletle ſays, Ard ſo lere the 
ne 
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4. Aby tbe 


Vby 4. The Sun cannot but dilate the Air by heating it, and 
lip ſo cauſe it to move ſometimes one Way and ſometimes 
Morning. another in the ſame Country, according to its different 

Poſition with reſpect to that Country; and this is the 
Reaſon why we perceive ſeveral Sorts of Winds. Thus 
for Inſtance, wien the Sun riſes with us, it dilates the 
Air which it is perpendicularly over, and cauſes it ſo to 
move every Way, that ſome Parts of it muſt come to- 
wards the Vet, where we are; Whence it follows, that 
we ought then to feel the Wind from the Zaft, 
| ny 5. On the contrary, when the Sun ſets, the Air which 
blow: in the is directly under it, by dilating it ſelf every Way, muſt 
Evening, have ſome Part of it come towards the Eaſt, where we 
then are with Reſpect to the Sun; Wherefore we ought 
to perceive the Wind to be gt then. And becauſe 
what we have ſaid of our Country, may be applied to 
others which are out of the torrid Zone, we may aſſure 
our ſelves, that the Ea/?-Wind blows in thoſe Places in 
the Morning, and the //2/?-Wind in the Evening. 
nee 6. Further; It is to be obſerved, that when the Sun 
North e dilates the Air which is directly under it when it is in the 
Ncen- day. Meridian, part of that Air muſt be lifted high up, and 
then carried by its own Weight towards that Pole which 
is next it, where it drives forward the Air that it meets 
with, and forces it downwards towards the Equincctial 
Circle : Thus it ts evident, that at Noon-Time, in any 
Northern Country, we ought to feel the Wind blow from 
North to South, and alſo to blow downwards. 
9. Why the 7. Without doubt the Sun has no Power over thoſe 
South zue, Countries where it is Midnight; yet becauſe the Heat 
0 Midnight which it excites in the Day, continues for ſome Time on 
the Earth, this cauſes a large Quantity of Vapours to riſe 
up which are hindred from aſcending very high by the 
Air which the cold Night condenſes ; ſo that they are 
forced to move along upon the Earth from the Equinoc- 
tial Circle where they aſcend in very great Quantities; 
and ſo carrying the Air along with them, they cauſe a 
Wind from South to North, in thoſe Places which are on 
this Side of the Equator, 
3. Tha: 2& 8. Theſe four Winds which blow in their Turns, from 
Eaſt- Mind the four principal Quarters of the World, ought to 
ow to have different Properties. And, Firſt, the Eaſt-Wind, 
"be W.h Which prevails in the Morning, ought to be ſtronger than 
Wind, the I/;t-Wind; not only becauſe it conſpires with the 
firſt general Wind which is obſerved to blow continually 
tween the two Tropicks, but alſo becauſe the Air mem 
| lates 
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dilates it ſelf and blows towards the Veſt, tends towards 

a Place where the Sun having been gone from the Me- 

ridian eighteen Hours, the Air has had Time to grow 

cool, and to be conſiderably more condenſed than that 

towards which the J/2/t-W ind tends, where the Sun is 

but ſix Hours from the Meridian, and where it cauſes the 

greateſt Heat and the greateſt Rarefaction. | 

9. The North-Wind ought to be pretty ſtrong, becauſe 2. That the 

it is excited by the Sun when it has the moſt Power, 3 


g ind oug be 
viz, when it is in the Meridian. And on the contrary © be ae 
the South-Wind ought to be very gentle. than. the 


10. As to any other Qualities of theſe four Winds, 9 
thoſe that are Hrongeſt ought to be the colde/?, according fronget 
to what was ſaid concerning Cold in the firſt Part of this“ — 
Treatiſe. | coldeſt 7 

11. Further, it is evident that theſeſtreng Winds ought 11. Thar 
alſo to be the moſt capable of drying, that is, of diflodg- *' _— 
ing any Particles of Water which may be in the Pores or 4%. 
upon the Surface of terreſtrial Bodies which are expoſed 
to the Air; ſo likewiſe on the other Hand, the genzleft 
Winds ought to be the mate, not only becaufe they 
cannot give the Parts of the Air a ſufficient Force to 
diſlodge the Parts of the Water which they meet with; 
but alſo becauſe the Vapours which are in the Air, not 
being in any Agitation, eaſily ſtick to any Bodies which 
come in their Way, There is a particular Reaſon why 
the 7/Ve/t-Wind ſhould be moiſt, and that is, becauſe it 
moves contrary to the general Courſe of the Air, which 
is from Eaſt to Miet, and which caufes the Vapours which 
ſurround the Earth to have a *Tendency to move the ſame 
Way, and ſo makes them gather together on an Heap, 
and conſequently makes them more capable of moiſtning 
any Thing. 

12. It is true, that what has been faid upon the Sub- ,, 7. 
ject of the fore- mentioned four principal Winds, ought parricu/ar 
not to be found exactly true any where but in the Mid- — 
dle of large Seas, where there is nothing to hinder the 9 nou 
general Cauſe from producing its Effect; For as to any from d 
other Places, there are ſo many particular Cauſcs "484 - 
which contribute towards the Production of Winds, that 
we ought not to wonder that they are ſo very irregular, 
and that we do not obſerve them in the Order now 
deſcribed. | 1 Oe. 

13. It is probable that Ariſtotle never thought of the 225 Opmnicn 
general Cauſes of Winds, becauſe he makes no mention t . 
of them in his Writings, but ccnfines himfelf to parti- . f 
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cular Cauſes only. And becauſe he obſerved that Winds 
have the Property of drying, therefore he thought, that 
when the Wind blew, the Air was then moved along b 
a Principle which had no Moiſture in it; ſo that be af. 
ſerts, that Winds are cauſed by certain dry Exhalations, 
which ariſing out of the Earth, move one particular Way 
upon the Superficies of it. | 
14. That 14. I do not deny but that the Exhalations which rife 
OE” up into the Air and take their Courſe one particular Way, 
much the may help to carry the Air from one Country to another, 
Carſe ef and ſo cauſe that Agitation which we call Wind. But be- 
72 — cauſe both Reaſon and Experience convince us, that the 
ſame Cauſe which diſpoſes ſome terreſtrial Parts to exhale 
in this Manner, muſt alſo at the ſame 'T'ime excitea much 
larger Quantity of Vapours; and becauſe the Water which 
is converted into Vapours dilates it ſelf a great deal more 
than the terreſtrial Parts which are in the Form of Exha- 
lations can do; it cannot be doubted but that Vapours are 
the principal Cauſe, and contribute much more to the 
Production of Winds, than Exhalations do. | 
18. That 15. The Reaſon why Ari/{otle was not of this Opinion 
2 makes nothing againſt me: For though the Winds are 
Wind: from Cauſed chiefly by Vapours, yet they ought notwithſtand- 
— the ing that to have as much the Property of drying as if they 
os 10g f proceeded wholly from Exhalations ; becauſe the great A- 
citation which the Particles of the Air and Water are in, 
makes them carry off a great many more Particles from a 
. moiſt Body than thoſe new ones which they leave upon it. 
16. That 16. Nor is it to be doubted but that the Winds do fix 
e, , ſome new Particles, and that there is no Wind, how vio- 
what is lent ſoever, but does ſomewhat moiſten a Body that is per- 
mel, fectly dry: For we find by Experience, that if we dry a 
Linnen Cloth before the Fire, till it will ſmoak no longer, 
ſo that all the Moiſture is gone out of it, and then expoſe it 
a little while in the Wind, it will not be ſo dry as it was 
before, but if it be held to the Fire, it will ſmoak again. 
15. Where 17. What has been ſaid concerning Winds is confirm- 
_ . ed by Experience in an olipile, which is a Veſſel made 
FP —— of Copper or any other Metal of the Shape deſcribed in 
by Experi- the Figure. The Cavity of it is at firſt full of Air only, 


once £6.05 * Toy late 1 putting it near ire 
Folipile. hich is made to dilate it ſelf, by putting it near the F 


T.b. xy, till the far greater Part gets out at the Hole A; then 
Fig 6 the ſmall Neck A is dipped into a Veſſel of Water; and 
2ẽs⸗s the Air in the Eolipile condenſes by growing cold, the 
Water enters in, in the ſame manner as we formerly ſaid 


the common Thermometer was filled with Aqua-Forts. 
| This 
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This being done, the olipile is placed in the Situation 


you ſee in the Figure, and the low Part DEF reſting ' 2214 


upon ſome red-hot Ceals, the Water contained in it, 
riſes gradually in Vapours, which fly about in the Space 
DCBF, and daſh againſt one another, and make thoſe 
which they meet with near the Hole A to come out there 
with a great Force: Theſe Vapours carrying the Air along 
with them, produce a Wind, which continues till all the 
Water is evaporated or the Fire goes out 5 and this 
Wind has all the Properties which we obierve in thoſe 


which we take Notice of upon the Surface of the 


Earth, 

18. We may compare the Cavities of Mountains to 18. A Com- 

the Hollow of an Aolipile ; the Heat which is in the —— 
Bowels of the Earth to the Fire which dilates the Water J4,roms 
in this Veſlel ; the Water carried by the Sea in ſeveral and an o- 
ſubterraneous Channels, to the Water contained in it: and Vile. 
the Chinks of the Earth, through which the Vapours get, 
to the Hole of the Aolipile. But becauſe the Smallneſs of 
this Hole, contributes to make the Vapours come out 
with ſo great Force ; and becauſe it is very probable that 
the Chinks of the Earth are not ſo ſmall, or at leaſt, that 
the great Number of them is equivalent to one large 
Hole ; therefore it is very difficult to believe that the 
Winds ſhould be ſo violent as they are ſometimes, if ſome 
other Circumſtances did not contribute to their Violence. 
Now it is certain (1) that there are Mountains ſo ranged, 
that they will not ſuffer the Vapours which come out of 
the Sides to take their Courſe but one particular Way 
only, and this muſt make them go with great Violence 
and Swiftnelſs. | 

19. And if there be a large Extent of Country in 19. Thar 
which there are no Mountains, there may notwithſtanding A my 

1 N | 7 be pener ate 
that be Winds generated, becauſe the Vapours which , 3...., 
move upwards at firſt, may be determined by proper where there 
Miſts or. Clouds to alter their Courſe and to move #* ”» 


5 f Mountain: 
ſidewa) 5 afterwards. ae all, 


(1) That there are Mountains ſo ec lar Place; When th's is full and 
ranged, & c) «« Whatever is ſent „ will hold no more, but is preſſed 
* forth from Mocrs, and Rivers en ene Side ard, fo gos along 
* (which is a greatdeal and continu- . „ ore paitien'ar Wey; this is a 


« aliy aſcending) in the D>y-Time 
* is Fewel for the Sun; in the 
Night Time it is rot conſumed, 


„ tut. is contained between the 


„ Mcuntains, ard kept in a pe rticu- 


c Mind. Wher' fore it prefies thet 
« Way where thee is a freer Po- 
« ſoge fer u, and more Rom fr 
ce that wh'ch is heaped tegether to 
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20. Why 20, We may add to this, that an equal Quantity of 
FF fron Vapours is not raiſed every where alike in this Globe 


nerally pro- Which is compoſed of Earth and Water; and that thoſe 


vail in the which ariſe out of the moiſteſt Places, being much great- 
Day, and 


theſe from er in Quantity than thoſe which riſe out of other Places, 


ebe Land in have more Power to dilate themſelves and to go towards 
eve Night. thoſe Places which are dry. And this is the Reaſon why 
when the Sun heats the whole Hemiſphere upon which 
it ſhines, the Air is carried from the Sea to the Land, 
and ſo cauſes a Wind from the Sea: Whereas when the 
Sun is ſet, becauſe the Earth preſerves its Heat much 
longer than the Waters, which loſe theirs in a very little 
while (according to that Law, The leſs ſolid Bodies are, 
the leſs while ds they preſerve their Motion) therefore more 
Vapours muſt then ariſe out of the Land than out of the 
Water, and conſequently, they will carry the Air along 
with them from the Land to the Sea, and ſo cauſe a 
Wind from the Land. | | 


F 


CHAP. XI. 
Of MISTS and CLOUDS. 


8 8 O long as the Vapours and the Exhalations which ac- 
Mit: and company them are in ſo great Motion as to produce 
louds are Winds, and to hinder their Particles from uniting together, 
formed: it is impoſlible that they ſhould ſo much darken the Air as 
to be perceived, becauſe: the Action of the Light which 

paſſes through it, is not at all interrupted, nor any ways 
reflected; but when theſe ſame Vapours (1) come toJok the 
Agitation they were in by Degrees, and to ſtop in any 
particular Place in a large Quantity, and the Particles 

of them to unite together; they muſt then neceſſarily 

hinder the Action of the Rays of Light from paſſing on 

beyond them, becauſe there being a great Number of 

Drops of Water one above another, their ſeveral Super- 

ficies will reflect them all: And thus the Air becomes 

dark, anda Miſt or a Claud begins to appear in the Place 


(1) To loſe rhe Agitation they Clouds and Rain. See the Notes en 
in, &.) For the Caifes ef Chap, 12, Part I. Art, 4t. 
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where this Collection of Particles of Water is, and of ſuch 
a Bigneſs as the Space which it poſleſſes. 

2. If the Particles of Water which ſtop in this manner 2+ Thar 
and are ſuſpended in the Air, retain ſo much Motion as to 2 
lip by each other, they muſt compoſe a great Number of ſometimes 
very ſmall imperceptible Drops of Water: But if their 7779 of 
Motion be entirely ceaſed, it is evident, that becauſe they — 2 
ſtop by each other without any order, they muſt compole ſmerimes of 
a very thin and very light Body; which not being li- Pieces of Ive 
quid, ought rather to be called (1) Ice, or very fine 
Snow, than Water, | | 

3. But whether a Miſt or a Cloud be made up of im- 3. Ha 
perceptible Drops of Water or Ice, it is certain that nei- Fs) 1 
ther the one nor the other can fall to the Ground but very ay #4 
ſlowly ; becauſe theſe Drops of Water or Parcels of Ice 
have a very large Superficies compared with the Quantity 
of Matter they contain, and conſequently have but little 
Weight to overcome the Reſiſtance which the Air they 
meet with makes before it divides it ſelf. To which we 
may add, that the Vapours which riſe out of the Earth, 
and aſcend to a great Height, not only hinder the Mat- 
ter of which Milts are compoſed from falling; but may 
make it aſcend ſtill higher, ſo that that which was a 
Miſt, may in a ſhort Time become a Cloud. 

4. It is to be obſerved alſo, that if the Particles of 2 * 
Water which aſcend in the manner now mentioned, in Ser of 
order to form Clouds, do not go very far before they loſe Ch 
all their Motion ; then they do not give the Exhalations, 9 
which ariſe along with them, time to ſcparate themſelves; 
in this Caſe therefore they muſt neceſſarily be blended to- 
gether: But if the Vapours have Force enough to raiſe 
themſelves to a ſufficient Height, and meet with no Ob- 
ſtacle to hinder them from continuing on in their Courſe 
tor ſome Time; then, becauſe they can eaſily move 
themſelves and fly off, they will get uppermoſt ; ſo that 
there will be two Clouds as it were, the higheſt of which 
is made up of Particles of Water or Ice, and the lower 
one of Exhalations only: And if after this, there ariſes 
other Vapours and other Exhalations, which aſcend in the 
ſame manner, they will form a great many different Beds 
or Banks of Clouds compoſed of Vapours and Exhalations 
by Turns, 


(1) Ice or wirny fine Snow. &c.) ſuch Clouds as theſe by RefraQi n; 
Concern ng Parbelions and C.rcles See Hugeniai's Poſthumous Werks. 
nich they call Halo's, formed in 
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1. That 
Clouds are 
the Matter 
of which 
Rain con- 


Gi. 


mon Opint- 
on of tbe 


Falling of 


Rain, 


3 How 
Cold may be 


Rain, 


the Cauſe of I _ ; f 
the falling of Water which were diſperſed about in the Air, meet toge- 


— 
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CAT. A. 


Of Rain, Drizzle, Dew, and Evening Damps, 


A S two contrary Winds may cauſe a Miſt or a Cloud 
to be formed, by bringing together a great Quantity 
of Vapours into one Place ; ſo it may happen, that a 
very ſtrong Wind blowing upon a Miſt or Cloud, may 
carry off its Parts one after another, and make it take 
the Form of Vapoursagain, and fo in Time all the Clouds 
may be diſſipated : However this is not the uſual Way in 
which they are diſſipated: the common Method is, that 
the Cloud diſſolves, and falls all down in Rain The 
only Difficulty in- this Matter is, what ſhould cauſe the 
Parts of a Body which is ſo thin as a Cloud 1s, to thick- 
en and become ſo denſe as to acquire a Force ſufficient to 
overcome the Reſiſtance of the Air which oppoſes its 
Fall. | 

2. If we believe the common Philoſophers or rather 
the common People, we muſt ſay, that this Force is 
owing to the Coldneſs of the Place where the Clouds are, 
becauſe it is generally thought that Cold only has the 
Power of condenſing any thing. 

3. I do not ſay but that Cold may ſometimes contri- 
bute to this, by making the ſmall inſenfible Drops of 


ther and be converted into Rain, which perhaps would o- 
therwiſe never have met. For, I readily own, that the 
groſſer Parts of the thickening Air, may by approaching 
each other unite the inſenſible Drops of Water, which 
otherwiſe might never have united together, and conſe- 
quently make them capable of deſcending : I alſo acknow- 
ledge, that when the Vapours are juſt ready to be con- 
verted into inſenfible Drops of Water, the Cold which 
comes upon them, and which condenſes the Air, may 
aſſemble a very large Quantity of them together, ſo that 
they may be heavy enough to fall down ; And this very 
well explains how it may jometimes rain when it is very 
clear and before there is any Cloud formed : But I think 
alſo that there are other Cauſes which are more com- 
mon, by which the Clouds arc condenſed, and which 
caulc tl em to be converted into Rain, 


4. For 
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4. For firſt, it is evident, that when the /772d blows 4. Thar 
againſt a Cloud and does not carry it entirely along with en 2 fe 
it; it muſt make the Parts of the Cloud approach nearer of Rain. 
each other, and cauſe a great many Drops of Water, 
which were inſenſible while at fome Diſtance ſrom one 
another, to join together, and thereby compole very large 
Drops, whoſe Weight makes them to deſcend, 

5. It is alſo evident, that after any Cloud is formed, 8. Thar new 
there may {till riſe other Parts of Mater in the Form of Fett ad- 


: : ? p ded to a 
Vapours, which may continue to be little agitated after Chud may 


of the Air which can no longer hinder them from fal- 
ling. 

b. But that which is the moſt common and (1) the 6. 74: 
moſt effectual Cauſe of the Clouds being converted into Hear dees 
Rain, is the Heat of the Air which is near the Surſace of poi 4 
the Earth and which is carried up to a confiderable Height condenſe the 
by ſome Wind: For this hot Air, arriving at the Clouds, ©/9«ds inte 
diſpoſes that very fine Snow, of which they are compo- 
ſed, to melt and to condenſe into a great many ſmall 
Flakes, which overcome the Reſiſtance of the Air, and 
tall down, and at laſt being entirely diſſolved by the 
Heat which they meet with in thoſe Places through which 
they fall, they are converted into Drops of Rain. 

7. And theſe Drops will be very large, if the Cloud 7. Hew tbe 
be denſe, and the hot Air gets to the upper Part of it; * =_ * 
for then every thing conſpires to make the ſmall Drops of ery large. 
Water or Pieces of Ice to join a great many of them to- 
gether, and to compoſe very ſenſible Drops at firſt, which 
deſcend by their own Weight ; but which afterwards in- 
creaſe very much by joining themſelves with thoſe that : 
they meet with, as they fall through the whole Thickneſs 
of the Cloud, a 

8. But if this hot Air reaches to the Bottom only of 3 H 

8 * 7 X " 7 drizzling 
a very thin Cloud, the Drops muſt neceſiarily then be 2 ;, 
very ſmall; and if beſides this the Heat of the Air be mace. 
very moderate, theſe Drops will be ſo very ſinall as not 
to compoſe Rain at all but only Drizzle, 


(1) The moſt effe tual Cauſe of the the Elaſticity of the Air. See the 


| Chuds, &c.) The mcſt eff:-Qual Note, on Coap. 12. Art. 41. of the 


Cauſe of Rain is the weakning of firft Part. 


Vor II. 9 9. As 
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9. As to Dew, there is no great Difficulty in compre- 
hending how that is formed, if we conſider that when 
it is moſt clear and calm, which is the Time when the 
Dew falls, there is always a great Quantity of very ſmall 
Parts of Water, which fly about in the Form of Vapours; 
theſe gradually loſing the Agitation they were in, gather 
a great many of them together and fall dewn in inſenſi- 
ble Drops; which generally ſtick to the Leaves of Plants, 
and then uniting with each other, they are converted into 

ater, and the Daw becomes viſible. 

10. This generally happens a little before the Sun 
riſes, becauſe then the Air not having been heated by its 
Rays for ſome Time, is grown colder, and is therefore 
more fitted to aſſemble the Vapours which are in it: 
However, there are Places where the Air grows cool a 
little after the Sun is ſet, and there the Dew muſt ap- 
pear ſooner. 

11. How 11. If the Heat of the Air has been very great all 
B, Day, it may happen in ſome Countries, that the Super. 
amps are 
eauſed. ficies of the Earth may be put into ſuch a Motion, as to 
| ſend forth Exhalations which rife up into the Air along 
with the Vapours : And becauſe theſe Exhalations loſe 
the Agitation they are in, a great deal caſter than the Va- 
pours do; therefore they muſt tall down ſooner, Now 
herein conſiſts Evening-Damps ; which according as the 
Places or the Bodies exhaled are, may be very noxious. 
For it is very probable, that what is exhaled out of any 
infectious Places or poifonous Herbs may cauſe a great 
deal more Miſchief, than ſimple Vapours raiſed out of 
the Boſom of the Earth. 

12. Awut- 12. And it is a very great Miſtake to think that Per- 
gar Minale ſons may entirely guard againſt the Miſchief ſuch Damps 
3 beer of doing, by covering up their Heads clote, 
or as they are drawn in along with the Air in Reſpira- 
tion; it is certain that by entering into the Lungs, they 
will do much more Hurt, and more eaſily corrupt the 
Blood, than they can do by applying themſelves to any 

external Part of the Body, which is not ſo tender, 
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CH A 3 EF; 


Of Snow, Hail, 


and Hoar-Froſt. 


[ T was obſerved before, that the Parts of a Cloud may 1. Hr 


begin to deſcend though they be not entirely diſſolved; 2 1 
and that for the moſt Part they are not quite melted 


and turned into Drops of Rain, till they come near the 
Earth, where the Heat is generally greater than it is high- 
er up in the Air: But if the Particles of a Cloud, Which 
is only condenſed and no way melted, fall through no- 
thing but cold Air, then they may reach to the Earth 
without being diſſolved; in this Caſe, inſtead of a great 
many Drops of Rain, we ſhall have a great many Flakes 
of Suaw ; which cannot but be white, becauſe the watry 
Matter of which it is compoſed is very much interrupted 
by a large Quantity of Air, whoſe Pores agree fo ill with 
thoſe of the Ice, that the Light which endeavours to paſs 
through, is more eaſily reflected back. 


2. It ſome Part of the falling Cloud be melted, and i 
aiterwards meets with (1) cold Air which freezes it again, u of in 


it is evident that hat which then falls down mult be Hail, 
and the Figure of the Hail-ſtones will be ſo much the 
nearer to round, the more they were diſſolved before; 
and they will be exactly round, if the Cold by which 


they are frozen again, comes upon them when they are 


entirely melted. 


3. Thus there muſt be very different Sorts of Hail pro- 
duced, according to the different Degrees of Heat which 
is in the Place where the Cloud is diſſolved: And if the . 
Heat be but moderate, it may 


ſo act upon the extreme 


Parts of every little Piece of the Cloud, out of which a 
Hail-ſtone is formed, as to melt them and reduce them 
to Water, before it can get to diſſolve the internal Parts; 
and by that time theſe are diſſolved, the external ones 


(1) Cell Air which freezes it 
@zain, &c.) It is more |:;ke'y, that 
as Water in a Veſſel ia the Sum- 
m-r-time is immediately turned into 
Ice, by externilly applying Salt and 
S19# 3 D licewiie a Diop, as it 


falls, may be turned into Ice or 2 


Ha |- ſtone in a Moment, by tome 


particular Vapours mixed together in 
the Air. See the Phileſephical 
Tranjatiin:, Numb. 231. 
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may be frozen again by the cold Air through which they 
paſs : So that the internal Parts which are neareſt the 
Center, melting, and by that means growing more denſe, 
join thernſelves to the external Ones, and ſo form a Sort 
of ſolid Cruſt; In the ſame manner as we ſee the Parts 
of a dry Tree amy from the Pith towards the Bark, 
where the Parts are ſo cloſe and compact like an Arch, that 
the internal Parts which are condenſed afterwards, are 
forced to retire towards them. And as, in this Inſtance, 
the Fibres of the Wood which ſurround the Pith at a cer- 
ain Diſtance, when they come near the Bark and take up 
a larger Circuit, ſplit in ſeveral Places, and make Chinks 
like Stars, which are more particularly to be feen in the 
Part where the Wood is cut; ſo in like manner, the 
Parts of Water in retiring from the Center towards the 
Superficies, as they freeze by Degrees, divide from each 
other in ſeveral Places. Thus if it happens that there ar 
three Fiſſures made which interſect each other in tle 
Center - the Hail-ſtone, then it will be ſplit and divided 
into eight Parts, each of Which will be · in the Shape of a 
Pyramid, the Baſe whereof is the eighth Part of the Su- 
perficies of the Hail-ſtone, and the Top of it, the Piece 
DO of Ice which before was neareſt to the Center. 
ther Fr sf 4. Sometimes there falls ſuch Sort of Hail-ſtones as 
Hail-jiores thee, and ſometimes ſuch vchoſe Pyramids are ſharper, 
n ſo that their Baſes don't ſcem to be above the two and 
gf thirtieta Part of the Superficies of a Sphere; which makes 
me think, that, in this Caſe, every eigath Part of the 
Superficies of the Hail-ſtone is again ſubdivided into ſour 
equal ad by by three new Cleſts. And if their Points and 
Corners do appear generally à little blunt, fo as to be like 
Sugar-Le ai it is cwing to this; that in theſe Places 
the Heat affected them more, and diſſolved the Particles 
of Ice which were there. 
0 5. The Figure of theſe Sort of Hail-ſtones is not at al 
WW. more pi, wonderful or ſurprizing conipared with another Sort 
1 Which are quite fla © ag very thin, and which are ſome- 
1 times cut into the Sbape of Stars with ſix Points exactly 
3 equ al, or into that of 'Roſl es with {1x Leaves, or ſometimes 
Z 1 Tab. XV. into that of 11x Laas ue es connected toget! Der by the 
Fi. 7 Po; nts ; fuch as are repreſented in the Figure, only they 
are much ſmaller and a _ at deal more exact, 


6. Since we never ſez any ſuch Hail-ſtones as theſe but 
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ticles of Water, which fly about in the Form of Va- 
pours to meet againſt each other as they freeze, and to 
compoſe Hail-ſtones ſo very ſmall, that they would not 
fall down by their own Weight only, if the Wind which 
blows upwards did not hinder their Deſcent. But the 
Wind does really blow againſt them, and carries them up 
ſometimes as far as the lower Superficies of a Cloud, 
where, by that time they arrive, they are covered over 
with Vapours which ſtick to them like a very fine Down. 
And now they may better be called ſmall Flakes of Snow 
than Hail-ſtones, and are ſomething like to thoſe little 
Things which come off from ſome fort of wild Thiſtles, 
which grow in the Country, towards the End of Sum- 
mer, and which are ſo very light, that by the leaſt Mo- 
tion of the Air, they are carried about, ſometimes as far 
as the Villages, where the Children play with them and 


call them Barhbes-a Dieu. 


7. When this happens, theſe Flakes of Snow range . theſe 
themſelves upon the Superficies of the Cloud which has 406 3 


1 


been made ſmooth by the Wind blowing againſt it; and ebe iwer 
becauſe they are very nearly equal to one another, their _— 0 
Order is ſuch, that every Flake is ſurrounded by fix o- 


thers, except thoſe which are at the Extremities of the 
Leaf compoſed by them; as any one may eaſily appre- 
hend who has learned but the firſt Elements of Geome- 
try; or as he may ſee with his Eyes, if he places ſeveral 
leaden Bullets of equal Bigneſs upon a 'T rencher, or ra- 
ther ſeveral Counters upon a Table. Theſe latter are beſt 
for the Purpoſe, becauſe they are flat, as the Flakes of 
Snow we are ſpeaking of are, the Down on the upper 
Part of them being rubbed off by their grating againſt the 
Cloud, and that on the lower Part, by the Wind preſſing 
upon them as 1t blows along. 


8. And there may be ſeveral Beds or ſeveral ſuch Kind 8. That 


of Leaves formed one under another, without their be- 
ing 
lowermoſt ſomewhat differently from thoſe which are 
above them. But whether there be only one Leaf, or a 
great many of them, we may certainly affirm ; that 
every one of theſe ſmall Flakes of Snow, which are 
round and flat, is the Matter out of which theſe Hail- 
ſtones in the ſhape of a Star or a Roſe or ſix Flower: de- 
luces, are immediately formed ; for nothing farther 1s 
required to compleat fo ſurprizing an Effect, but only a 
mocerate Heat in the Air, 


O 4 9. This 


joined together; for the Wind, which puts them into them may be 
an undulating Motion, moves thoſe Leaves which are formed. 
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Q. How 
they are 
Jormed into 


ROHAULT' SvsTEM Part III. 


9. This warm Air may be driven from ſome Parts near 
the Earth by the Wind: Which Wind becauſe it can 


a great many Very eaſily blow between two Leaves compoſed of theſe 


Stars. 


T:b. XV. 
Fig. 7. 


10. H 
Hail jftines 
1n the Ferm 
of a Roſe, 
are produced. 


Flakes, where it meets with a direct Paſſage, muſt neceſ- 
farily diffolve thoſe remaining Particles of Water which 
ſtick up like Hairs or Down upon the Superficics of every 
one of the ſmall Flakes. Beſides ; this Air, by getting 
into the {1x triangular Spaces, which muſt neceſiarily be 
left between the ſimilar Flakes, when they touch one 
another, muſt alſo diſſolve that very fine Snow which is 


near the Circumference of them into Water; the Parti- 


cles of Which being put in Agitation by the Heat, join 
themſelves to thoſe Particles which remain undiſiolved, 
and as foon as they are thus joined, they are immediately 
frozen again. Thus the Particles of Water which {tick 
up like Hairs on the upper and lower Superficies grow 
flat and are broken, by being melted and frozen again, 
and every Flake by that Means becomes thinner, and is 
turned into a {mall Plate of Ice: And as to thoſe Hairs 


which melt in the Edges of the triangular Spaces, they 


grow denſe as they recede towards thoſe which unite every 
one of the Flakes to the fix which ſurround it; and thus 
there are ix Clefts made in fix Places of the Circumference 
where the Heat can moſt caſily come, which growing 
narrower as they get nearer the Center; it is evident, that 
every ſmall Plate of Ice muſt be of the Fi igure of a Star 
with ſix Points, ſuch as is here repreſented in A. After 
which the leaſt Shake is capable of diſuniting them and 
making them fall down to the Earth ſeparately. 

10. If the Heat of the Air be a little greater than 


what was juſt now ſuppoſed, it muſt continue longer in 


thoſe Places which are moſt expoſed to it, that is, in the 

11% Points, and conſequently muſt put them in Motion 
and make them grow blunt : By this Means, the ſmall 
Plate of Ice, which before was in the Figure of a Star, 
will now become like a Reſe, with fix e as it is 
1 in B. 

And if the Flakes, of which this Hail is compo- 
ed, were at firſt larger than uſual; it may happen, that, 
they will not only be divided in fix Places, in Order 
to ſ{orm {ix Points; but that Part out of which one Point 
i; to be formed, may be ſubdivided into three leſſer 
Points, by two ſmali Fiſſures made on each Side of thoſe 

witch join to the Hairs of the next Flake; And 

5 tliere ay be two Points formed on the two Sides, 
ei may Lend a little outwards, becauſe the Heat act- 
ing 


far 
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ing with a little more Force there, cauſes alſo the Con- 
denſation to be ſomething more: Whence it follows, that 

inſtead of a ſingle Point of a Star or Leaf of a Roſe, there 

will be formed a Flawer-de-luce ; and. inſtead of an entire Tab. XV. 
Star there will be formed a Hail-ſtone like that repreſent- F'& 7+ 
ed in C. | . 

12, If the Heat of the Air act with greater Force ſtill , — 
vpon theſe Hail- ſtones, it will diſſolve ſome of their Parts 7 Hail. 
proportionably more or leſs; whence it is eaſy to collect 
that there may be a thouſand different Sorts formed, And 
if all the Parts of one Leaf be melted, whilſt the Parts of 
the Leaf above and the Leaf below it are approaching 
towards each other, the Drops of Water that are made 
by this Diſſolution, may ſerve, like Glue, to join the two 
Stars together flat-ways, fo as to make them but one, 
with twelve Points in their due Proportion, if they hap- 
pen right. 

13. All theſe Sorts of Hail-ſtones are generally very thin 13. My the 
and tranſnarent, becauſe the Particles of Ice of which . — 
they are compoſed are very cloſe and compact. But 1 
ſometimes there fall ſome that are quite white and lar- 
ger; the Reaſon of which is, becauſe they meet with a 
great many Particles of Water, which fly about in the 
Air, which ſtick to them as they fall down to the 
Earth. | . 

14. As the Vapours loſe their Motion when they meet . Of 
with Hail, ſo it is eaſy to apprehend that they may ſome-/77% 
times loſe their Motion when they meet with other cold rat. 
Bodies. And thus it is that frozen Mifts and Hoar-Frofts 
are formed, which cover the Earth, and ſtick to the 
Branches of Trees and to the Hair of Travellers, eſpe- 


cially on that Side where the Wind blows. 
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C 
Of Tloney-Dew, extraordinary Rain, and Manna. 


AVING thus treated of Meteors which are compo- 1. How 
ſed of nothing elſe but Water; we muſt not forget 209" 
to ſay ſomething of ſuch as may be made up of ſome PO 


fat Matter which is found in the Earth, and which aſ- 
cends 
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cends in the Form of Exhalations. Here it is to be ob- 
ſerved, that if, when the Weather is warm and no Wind 
ſtirring, a conſiderable Quantity of Vapours and Exhalati- 
ons ſhould riſe up together, and be in ſo great Agitation 
as to aſcend to ſome Height; then the Vapours, which 
can eaſily diſengage themſelves, would ſeparate from the 
Exhalations, and get above them; and the Exhalations 
whoſe Parts are more entangled, and which cannot aſcend 
ſo high, would fly about by themſelves i in the Air nearer 
to the Earth. And if it happens that this Air be moderate- 
ly cool in the Night, the Vapours may continue to be in 
fo much Motion as to keep the Form they were in; but 
the Exhalations, conſiſting of Parts whoſe Figure makes 
them more diſpoſed to be at reſt, will condenſe themſelves, 
and gather into a Miſt, which will extend it ſelf over an 
Country in Proportion to the Quantity of Exhalations, 
This being ſo, if, when they meet with any dry Bodies, 
they thicken into a Kind of oily Liquor, in the ſame 
Manner as we before faid, Vapours thickned into Dew; 
they will then make that Floney-dew which is ſometimes 
ſo troubleſome to the Country- men. 
2- Ny I- 2, The Exhalations which compoſe Honey-dew, being 
+> pen of an oily Nature, it is evident, that they will ſtick to 
ly - = the the dryeſt Bodies ſooner than to any other; and becauſe 
Ma and Corn and ſuch like Plants, are generally very dry, at that 
3 0 Seaſon in which the Honey-dew talls, it muſt be upon 
it, theſe Sorts of Bodies that it is found in any large Quanti- 
ty: And it cannot but be very injurious, if the Weather 
be very clear afterwards, and the Sun ſhoots his Rays up- 
on theſe Plants; for the oily Liquor which they are 
daubed over with, being capable of great Heat, (1) burns 
them up and quite corrupts them. 
3, of 3. If the Exhalations be condenſed at ſome Diſtance 
"rag " from the Earth, they will form a Cloud and not a Miſt, 
and by growing ſtill denſer, from ſome of the Cauſes by 
which Vapours are uſually converted into Water, they 
will compoſe a kind of oily Drops, which being alſo of a 
reddiſh Colour, gives Occaſion for them to be taken for 
a Shower of Blood, ſuch (2) as is related in Hiſtory to 
have fallen ſometimes, 4. The 


(1) Burn them up and quite cor. Tit Liv. Book 42. Sect. 20. There 
rupts them.) Piiny teſtifies, Book 18. 2b a Report of i's baving rained 
Chap 28, that a great many of the Bid fir ture Days at a Teton in 
Ancients affirmed, that Dew burnt Italy; ard in ſeveral other Places of 
wp by the ſcorching San, is the cauſe the ſame Author. So Ekewiſe Pli- 
of the Honey deto on Corn, though he ny, Be Ij, Chap. 56. It rained 
himſelf thinks otherwiſe. Bod when M. Acilius and C. Per 

(2) As is related in Hiſtory, &c,) cius were Conſuli. 
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J- 4. The Exhalations being very different in different 4. / 
d Countries, according to the particular Nature of the Pla- Hana. 
[= ces, they muſt produce very different Effects. Out of 

n theſe, Manna, for Inſtance is formed, which is of ſuch 

h frequent Uſe in Phytick ; and which is gathered in the 

le Morning from certain Trees to which it ſticxs. Of this 

18 there can be no doubt, becauſe it always ſticks on that 

d Side where the Wind blows. As to any Thing further; 

1 as, that Manna is not found upon all Plants, the Reaſon 

a is, becauſe the Exhalations don't every where find Super- 


n Nes proper ior them to {tick to. 


) ©@ 2 © ©) © ©) © ©9 ©) ©0809 © 09 


- HA Av 
Of Thunder, Lightning, and Thunderbolts, 


TH UNDE R,Lightning,and Thunderbolts, are the moſt 1. Eu 
ſurpriſing of all Meteors ; and becauſe they are very — 85 
often accompanied with Rain and Hail, the Order of 4 : 
Things requires, that after having treated concerning theſe, 
we ſhould endeavour alſo to explain how the other are 
produced. Let us imagine then, that ſometimes a great 
many Clouds are formed one above another, which are 
compoſed alternately of Vapours and Exhalations, raiſed 
1 by the Heat, at different Times, out of the Bowels of the 
ö Earth. Let us conſider further, that the Seaſon moit _ 

proper for this Purpoſe being the Summer, during which, 

the Air near the Earth has Time to grow hot, eſpecially 
| if it be calm; it may happen, that ſome Parts of this 
Air, may be carried up, by ſome Wind that riſes af- 
| terwards, to one of the higheſt Clouds, and blow againſt 
the upper Part of it; ſo that it will condenſe, almoſt in a 
Moment, that very fine Snow of which the Cloud is 
ö compoſed, by making thoſe Parts which are uppermoſt 
! approach nearer to thoſe which are under them : By this 
Means this Cloud will deſcend whole upon the next 
Cloud under it, and that with a conſiderable Swiſtneſs, 
without this latter being able to deſcend at all; becauſe it 
is hindred, by the uſual Cauſes which ſupport the Clouds at 
a certain Diſtance from the Earth, and by the Wind which 
we juſt now ſuppoſed to be ariſen. This being ſo; 3 

ir 
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5 
Air which is between the upper and lower Cloud, is for- 
ced out of its Place in ſuch a manner, that that which is 
near the extreme Parts of the two Clouds gets out firſt, 
and fo gives an Opportunity for the extreme Parts of the 
upper Cloud to fink down a little Jower than the Middle 
of it does, and ſo to comprehend a great Quantity of Air 
in it, which ftriving to get out by that (1) very ſtreight 
and irregular Paſſage which remains, it is very eaſy to 
imagine that the manner in which it gets out muſt 
cauſe it to make a great Noiſe, for the ſame Reaſon that 
the Air which comes out of an Organ through the Pipes 
makes a great Noiſe, Thus we may hear the Noiſe of 
Thimder without ſeeing any Lightning. 

oo 2. I conſcis indeed that this Sort of Thunder cannot 

mal a pre. make any very great Noiſe; But becauſe the Exhalations 

dig ou: which are ſometimes between the two Clouds, one of 
cat. which falls with great Force upon the other, are gene- 
rally ſo compreſſed in ſome Places, that the Parts of the 
ſecond Element which were mixed with the Matter of 
the firſt Element, among their little Branches, are dri- 
ven out thence ; it happens by this Means, that the Ex- 
halations which are in theſe Places, ſwimming only in the 
Matter of the firſt Element, are converted into Fire; 
which communicating it ſelf in a Moment to every 
Thing that is combuſtible all round, it dilates the Air pro- 
digiouſſy, and proportionably increaſes the Velocity with 
which it gets out from between the two Clouds : And 


this cauſes, not a rumbling Thunder, but a terrible 


Crack. 


3. Hoe I. Further; as the Flame which proceeds from Exha- 
Lebfeig * lations is the pureſt of all, ſo is it very proper to puſh 
—_ forward the ſmall Globules of the ſecond Element, with 


(1) Very Proight and irregular Paſ— ling of ſ:lphure-us Exhalations- 
ſage, xc, it 1s very common with Thus Aurum Fulminans makes a 
u; to hold Water between our two great Noiſe. For ſome ſu/pbureous 
Hands joined together, and then by Steam, at all Timer wvben toe Earth 
comprefiing them, to ſqueeze it out i dry, aſcending into the Air, ferment 
ike a Syphon. Something like there with nitrous Acids, and ſme. 
th's y-u m y ſuppeſe to be done times taking Fire, cauſe Li,ktning 
„there. For the Srraitnes of the and Thunder and fiery — Fer 
© Ciouds when they are co pieſſed rhe Air abounds with acid Vapours fit 
together, forces wut ihe Al: which to promote Fermentations, as appears 
© is in tre Maddie and drives it by che ruſting of Tron and Copper in 
« on as an Ergine does“ Sencca's it, the kindling of Fire by buawing, 
Not. Q aft. Pork 2. Chap. 16 and iibe beating of the Heart by meant 

But it is fer more probable, that of Neſtiratiin Newt. Opt. p. 355» 
Tour der is produced not by the al- See alſo the Philoſophical Tranſactt« 
Ji.g of the C.oud:, but by the k ind- ons, Nemb, 123. 

| which 


. 
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which it is ſurrounded, to the Objects which are every 
where about; and they reflecting it to our Eyes, we muſt 
neceſſarily have the Sight of thoſe Objects raiſed in us, in 
the ſame Manner as if the Sun or any Flame ſhone upon 
them; And in this conſiſts Lightning, which, accordin 
to what was formerly faid concerning Light and Sound, 
muſt be ſeen before we hear the Thunder, notwithſtand- 
ing they are made together, or perhaps the Thunder is a 
little before the Lightning. 

4. Neither ought we to think it ſtrange, that theT hun- 4 why rhe 
der continues longer than the Lightning, if we conſider, 2 the 
that the Agitation of the Air, which. produces the Sound, n 
may continue on, after all the Exhalations which produce - rhe 
the Lightning are entirely conſumed, But we ſhould add LS. 
to this, that the Clouds and a great many other Bodies 
likewiſe which are upon the Earth, cauſe ſeveral Echoes 
which make that rumbling which we hear after the great 
Crack of Thunder is over: And this is confirmed from 

hence, that the ſame Cauſe which produces an Echo with 

| Reſpect to one particular Place, will not always produce 
one with Reſpect to another Place; and thus likewiſe, 
the ſame Clap of Thunder is not heard in the ſame Man- 
ner in all Places. 

5. As it may thunder, as was ſaid before, without 5. How it 
Lightning, ſo it may happen likewiſe to lighten (1) with- —_— 
out Thunder; for the upper Cloud may be ſo ſmall, and Thunder. 
may alſo fall ſo flowly upon the lower one, that the Air | 
may not acquire a ſufficient Agitation to produce any 
Noiſe. But notwithſtanding this, the Exhalations may 
be ſo compreſſed, that all the Parts of them ſwimming 
only in the Matter of the firſt Element, they may take 

fire all at once in order to make aFlaſh. 

6. Further; As the Heat, which makes a Cloud grow 6. Tha? the 
ſo heavy, as to fall very quick upon another Cloud, mu ts fall which 
allo be ſufficient to diſſolve ſome Part of the Snow Of great Force 
which the Cloud conſiſts ; it follows that at every Clap of _— 1 
Thunder, there muſt fall down a very great Quantity ofß 
Rain. And fo we always ſee there does, if the Thunder 
be directly over our Heads, | | 


* 


(r) Without Thunder,) It very of- are to underſſand, that there are 
ten happens, that the Thunder, being * Clouds in that Place frem whence 
at a very great Diſtance,is not heard, © the L'gbtnivg comes, though the 
A Seneca very well obſerves. « What *« ſweli:ng of the Earth will not ſuffer 
then, ſays he, does it not atſo lizht- us to fee them.“ Nat. Nit. 
© en ſumetimes in a calm N.ght, B. li, C 20. 
© Whea the Stars appear ? But you 


-, That 
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7. That the 


Ae 7. That which is commonly called Thunder, if it breaks 
ne be and tears any Thing to Pieces, is then called a Thunder- 
ers fal. bolt. And becauſe it is a general Notion amongſt the Peo- 
ple, that the hardeſt Bodies have the moſt Power to ſpoil 
other Bodies ; therefore they believe, that beſides the Light 
and the Flame which come out with ſo much Violence 
from between the Clouds, there comes out alſo a very 
hard Body which they call a Thunder-/tone ; And if we 
don't ſee one of theſe fall, at every Clap of Thunder, the 
Reaſon is, they ſay, becauſe it does not always dart it ſelf 
towards the Earth, but gets out at a Part of the Cloud that 
looks another Way. But if this were ſo, it is impoſſible 
but that one of them ſhould have been ſeen to fall at ſome 
* Paris. Time or other, in ſome of the Streets of this * great 
City, or in ſome Court, or on the Roof of ſome Houle; 
which no Perſon, that I know of, can affirm that they 
have ſeen. And it is a very weak Reaſon to ſay, that 
wie do not fee them, becauſe they are not darted directly 
againit the Earth ; for if they move flanting or upwards, 
they muſt at laſt fall down by their own Weight, 
8. That this 8. But there is no need of having Recourſe to a hard 
os 7 Body in order to explain the more common Effects of 
plain the Lightning: For if we conſider that Gun- powder which 
Efets of takes Fire in a Cannon, hath nothing of Hardneſs in it, 
* and yet has Force enough to drive out a Bullet with in- 
credible Swiftneſs, and ſometimes to ſplit or break in Pie- 
ces: the Cannon it ſelf; we ſhall be convinced that there 
is no Need of a Thunderstone to tear Bodies im Pieces in 
the manner we ſee them. ; 
9. Her, 9. Not that it is impoſſible for a hard Body to be ge- 
ary wi nerated in the Air, which may be taken for this imagi- 
be generated nary Stone; if there ſhould be in the Air any volatile 
in the Air. Salts, mixed with ſulphureous Exhalations, and any other 
more terreſtrial Exhalations, ſuch as thoſe which ſettle like 
Mud to the Bottom of Rain-water, which ſtands covered 
for ſome Time: For we find by Experience, that Sulphur, 
Saltpetre, and this Mud dried, if they be mixed together 
in a due Proportion, will be converted into a very hard 
Stone by the Fire as it were in a Moment of Time. 


75. hy 10. Nor is it at all wonderful that Lightning ſhould fall 


Lightnin; 


alli ge upon Bodies which are at the greateſt Height from the 

ral, vpn Ground, ſuch as the Tops of Towers, ſooner than upon 

the bg, . 

Be. thoſe that are lower: For, the Clouds where the Thunder 
is generated, being very high, and the Opening being ge- 
ncrally on the Sides of them; the Exhalation which darts 

out 
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$ out thence, and which moves ſlanting, muſt ſtrike againſt 
: the Bodies which are very high. To which may be added 
. further; that if two Clouds which are joined together at 
l their Extremities, be about to break in the lower Part, it 
. ought generally to be in a Place, directly under which there 
: is ſome very high Body; becauſe this Body reſiſting at firft 
7 the Deſcent of the Air, makes it divide and ſeparate on 
. each Side, and this cauſes the Cloud, which has the ſame 
. Determination, to open exactly in this Place, where con- 
f ſequently the Lightning can the moſt eaſily deſcend. 
. IT. It is alſo eaſy to apprehend how Lightning may burn 11· The 
. Men's Cloaths and Hair, without doing them any other — 2 
6 Miſchief; and ſometimes, ſpend its whole Force upon ſuch / Ligbe. 
Things as reſiſt it moſt ; (1) in breaking the Bones, for In- ng. 
| ſtance, without ſenſibly damaging the Fleſh : For, there 
being very different Sorts of Exhalations, ſome of them 
may be like Sulphur, the Flame of which is very light, 
and will take hold only of Bodies that will eaſily burn: 
| On the other Hand, ſome of them may be very ſubtle 
and penetrating, much of the ſame Nature as volatile Salts 
| or Aqua-Fortis, which will not meddle with Bodies that 
are very ſoft, but exert their whole Force upon hard Bo- 
| dies, ſo that they will diſſolve Bones or Iron. It is 
| very true, that a Bone may alſo be broken ny by the 
| ſhaking of the Air, in which that terrible Noiſe of the 
Thunder conſiſts, when it is very near us: For if the 
| Sound of a very large Bell will ſometimes make a Man 
| who is very near it ſhake ſo as hardly to be able to ſtand 
upon his Legs; the Noiſe of Thunder may he ſuch as is 
capable of breaking a Bone; And the Fleſh may ſeem not 
to be hurt, or at moſt only bruiſed ; becauſe that is fo 
ſoft as to yield any way without breaking. 
| 12. Laſtly, There is ſome Reaſon for affirming that the 12-Thar 
; Sound of Bells may cauſe the Thunder to ceaſe ; becauſe Sound of 


R 8 1 Bell: ma F 
| the Air which is near the Bell, ſhakes that which is higher dive Light 
| up, and this Air may ſo ſhake the lower Cloud as to make ning aways 
| (1) In breaking the Bones, &c.) © Sort of Lightning, which they call 


bright Lightning, of a moſt ſurprĩ · 
ſing Nature, which empties Hogs- 
head without touching what they 
are covered with, and leaves no 
Marks behind it; Gold and Cap- 
per, and Silver, are meited withing 


« Silver is melted without hurting the 
© Bag; and a Sword diſſolves when 
| © the Scabhard is whole; and Iron 
: © melts about ti Pikes without inju- 
© ring he Wood: Wine continues 
« ſtiff when the Hogthead is hroken, 


ʒIi 6 


; but this Stiffre 3 does not laſt above * when the Bags are not burnt at all, 

« three Days.“ Seneca's Nat. Queſt. nor the Wax-Seal in the leaſt dif. 
: Beck il, Cap. 31. There is aihicd ordered, Piiry, Bock Il. Chap. 51. 
it 
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it fall down in Rain before the upper Cloud gets ſo low: 


1. What ts 


meant by a 


. Rain bow. 


2. A general 


Conetture , 


at the 
Kain. bow. 


And when this upper Cloud comes afterwards to fall, it 
can impell the Exhalations in the open Air only, where 
they have no Opportunity of taking Fire, becauſe they are 
not compreſſed together. Beſides, when Part only of the 
lower Cloud is fallen down, the ſhaking, impreſſed upon 
the Air by the Bell, may diſpoſe the Exhalations which 
are above the Part which opens, to take their Courſe that 
Way; ſo that the Matter out of which the Lightning is 
formed, being wanting in the Place where it ſhould be 
formed, it is no Wonder that there is not any at all 
produced, 
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CHAP. XVII. 
Of the RAI NB O. 


HE common People are not more aſtoniſhed when 
they hear the Noiſe of Thunder, than the Philoſophers 
are ſurpriſed, When they ſee thoſe Colours, in the Shape 
of a Bow, which appear on a ſudden, in rainy Wea- 
ther, in that Part of the Air which is oppoſite to the Sun; 
and which ſometimes diſappear alſo in a Moment. Theſe 
Colours, are called the Iris or Rein-Bow; the Cauſe of 
which has been for a long Time ſearched after, but no- 
thing found out ſo as to ſatisfy any reaſonable Perſon, till 
this laſt Age. I ſhall give ſuch an Explication of it as I 
hope can be maintained, But that we may lay aſide 
all Prejudices, and not engage our ſelves in confuting a 
great many Opinions which ſome Philoſophers have pro- 
poſed upon this Subject; let us imagine ourſelves to be 
the firſt who have laboured to find out the Cauſe of this 
Meteor, X 
2. The firſt Thing that I obſerve is, that whenever 
we ſee any Colours, there muſt always be ſome Light 
the Rays of which are either reflected to us by the Su- 
perficies of fome opake Body, or tranſmitted through ſome 
Sort of tranſparent Body, which at the ſame Time it ſelf 
is tinctured with ſome Colour; or elſe paſs through a Body 
entirely tranſparent, but ſo as to be ſome way retracted, 
And t:nce Experience does not teach us any. other but 
theſe, 
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theſe three Ways of diſcerning Colours, it is unreaſonable 

to think that there ſhould be a fourth Way which is not 

comprehended in any of theſe. And fince it is not at all 

probable, that there ſhould, in ſo ſhort a Time, be form- 

ed in the Air any very large opake Body, which is able to 

reflect the Light, in ſuch a manner as it muſt do, to cauſe 

us to ſee a Rain-bow ; or any kind of tranſparent Body, 

which is. at the ſame Time tinctured with Colours proper 

for the like Purpoſe : And ſince we are further aſſured, 

by Experience, that the Air is full of Drops of Water, 

which are entirely tranſparent and of no Colour at all ; 

we may reaſonably conjecture, that it is theſe Drops of 

Water, by which the Light is refracted in paſſing through 

Y them, that make us perceive the Colours, by tranſmitting, 

the Rays to our Eyes with Modifications proper and ne- 
ceſſary to excite ſuch Senſations, 
3. This is indeed a Conjecture only; But in order to 4. 7547 4 
ſee whether it be well or ill founded, let us conſider what 1 ö 
muſt become of Rays, which, coming from a lucid Bo- L. 
dy at a very great Diſtance ſuch as the Sun is; fall upon fa//upontbe 
a watry Body, of a ſpherical Figure, as we know every 275, J 

n Drop of Water is. Let us then examine the Scheme; fn bat 

$ in which we ſuppoſe ADEN to repreſent a Drop of * the ſame 

e 


— — 


Rain, and the Lines EF, BA, ON, and ſuch like, which Place they 


come all from the ſame Part, to be Rays coming from = ae 
; the Sun's Center, which we confider as parallel to each Kefra#tons 
e other, becauſe of the vaſt Diſtance betwixt the Sun and us. — * 


f This being ſuppoſed, fince it is evident, that the Ray BA Tad. XL 

- only is perpendicular to the Superficies of the Water, becauſe Fig: . 

I that is the only one which tends to the Center of the ſphe- 

1 rical Superficies of the Drop, and that all the other Rays fall 

e obliquely upon the ſame Superficies; it 1s eaſy to ſee, that 

a all the Rays which enter into the Water, except BA, will 

. be refracted towards the Perpendicular. Thus the Ray EF, 

e and thoſe which accompany it, do not go directly to &, but 

ls approaching towards the Perpendicular, go from F to K, 
where without doubt ſome of them paſs through into the 

x Air, which has Pores there fit to receive them; but as to 

; others, which are not thus diſpoſed to continue on the 

[= lame Way, they muſt neceſſarily be reflected within the 

c drop of Water, along the Line KN, fo that the Angle 

If of Reflection may be equal to the Angle of Incidence. Af- 

y ter this, the Ray KN, and ſuch like, falling obliquely 

. upon the Superficies of the Air, which ſurrounds this mall 

it Sphere of Water, cannot enter into the Air, without be- 

, Vor, II, P ing 
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ing refracted and going from the Perpendicular LM: 
Wherefore inſtead of going directly to Y, they muſt go 
towards P. | | 
4. That 4. It is to be obſerved alſo, that ſome of the Rays 
— e, which come to N, do not go out into the Air, till the 
Rays which are reflected again to Q; where, after being refracteqd, 
2 _ like the reſt, they do not go directly to Z, but turn from 
8 the Perpendicular TV towards R. But becauſe we are 
feat back eo not conſidering any of the Rays of Light, but thoſe only 
3 which can affect the Eye, when it is placed a little low- 
vans 46-4 er than the Drop, as about P; we may affirm that thoſe 
after two which are reflected from N to Q are uſeleſs, becauſe 
8 they do not come to the Eye: But then we are to take 
— Notice, that there are others as 2 3 and the like, which 
being refracted from 3 to 4, and reflected from 4 to 5, 
and again reflected from 5 to 6, may at laſt, by being 
refracted at 6, come to the Eye at 7, which is beneath 
the Drop. 
5. Ui! 3. Theſe Things are eaſily underſtood in general. But 
Obſervation if we would know exactly how much every particular 
eancern''$ | Ray is refracted, we muſt do it by Calculation: And 


tbe Rays of 2 
Light which upon ſuch Calculation it appears, that thoſe Rays which 


come out of fall upon the fourth Part AD of the Sphere, go on in 
_ the Drops of 


ae, ſuch Lines as are here repreſented by the Drop ADKN, 

Tab. XVI. which if we examine, we ſhall make three remarkable 

Fig. 1 Obſervations. The firſt is, that the two Refractions 
which the Rays of Light undergo at their entering in and 
coming out of the Globe of Water, are made both the 
ſame Way, ſo that the latter does not at all deſtroy the 
Effect of the former, The ſecond is, that amongſt all 
the Rays which come out of the Part of the Sphere AN, 
only NP and ſome few that are very near it, are power- 
ful enough to raiſe any conſiderable Senſation, becauſe 
only thoſe come ſufficiently thick and very nearly paral- 
lel, the Reſt are very much diverging, and ſeparate further 
from each other when they come out of the Globe, than 
they did when they entered in, The third is, that there 
is a Shadow beneath the Ray NP; for ſince there is no 
Ray of Light .which comes out of the Part of the Globe 
N 4, it is the ſame thing as if this Part were covered 
with an opake Body : We may allo affirm that the Ray 
NP has a Shadow above it, becauſe the Rays which are 
there, have no Effect, and therefore are no more to be 
conſidered than if they were not there at all, 
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CZY, xy are the Angles of Re- 
fraction, (becauſe ZV is parallel to 
zy) the Angel ZCz or the Arch Zz 
is the Increment o the Angle of 
Refraction. But 2Zz (= Arch ZY 
— Arch zy = Arch IZ— Arch iz) 
== I — Z. Therefore I! = 3Zx. 
By much the fame Way of argu- 
ing it may be proved, that if there 
three or more Reflections, the 
Ratio of the naſcent Increments of 
the Angle of Incidence and Refrac- 
tion, is ſuch as we have aſſigned. 
Wherefore, in order to find out 
the Angle of Incidence of a Ray 
which is effective after a given Num- 
ber of Reflexionsz we muſt find 
out that Angle, whoſe naſcent or 
infinitely ſmall Increment, bears the 
ſame Proportion to the Increment 


of the correſpondent Angle of Re- 


ction, made at the ſame Time 
as the given Number of Reflections 
increaſed by Unity, bears to Unity. 
And this Angle will be determined 
by the following Lemma. 


Lemma · 


| Let ABC be an ob- 
Tab. XIX. tuſe angled Triangle, 
Fig. 3. from whoſe Vertex A 

let the Perpendicular 
AD be let fall upon the Baſe BC 
produced. I ſay, that the Sides AC, 
AB remaining the ſame, the naſcent 
Increment of the external Angle 
ACD, is to the Increment of the An- 
gle ABC made in the ſame time, as 
BD to CD. 

Demonſt. 


Imagine the Side AC to be turn- 


eld about the Center A 3 And by this 


Motion its extreme Point C to car- 
ry the Line BCD into the Poſition 
Bed, ſo that the Angles C Ac, Chc, 
by the naſcent Increments of the An- 
gles BAC, ABC: And let cC, c 
be joined- 

The Angle ACD is equal to CAB 
and ABC; and the Angle Acd, is 
equaj,to cAB, and Abe. Therefore 
the Exceſs of Acd above ACD, or 
the naſcent Increment of the Angle 


Ac is equal to CH ard CAc. Now 


Decauſe the Angle AcC differs but 
infinite ly little from a right Angle, 
the Circle deſcribed on the Diameter 
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drawn from the Sun's Center, is forty one Degrees, and 
thirty Minutes. And ſince, beſides thoſe Rays which we 
ſuppoſe 


AC, will paſs through the Points D 
and c; and therefore the Angles 
CAc, Coe, inſiſting on the ſame 
Arch of that Circle, are equal. The 
naſcent Increment therefore of the 
Angle ACD, is equal to CEc and Ce, 
that is, it is equal to Ded. But the 
naſcent Angles Ded, Dc are to each 
other as their Sines, that is, as BD, 
the Side of the Triangle BDe to De. 
Now becavie the Angle CDc is in. 
finitely ſmall, Dc is equal to DC; 
wherefore the naſcent Increment of 
the Angle ACD, viz. Dea, is to the 
Increment of the Angle ABC, made 
in the ſame time, wiz. CBc; as bD 
to CD. Q. E. D. 


Corell. 


The naſcent Increments therefore 
of the Angles ACD, ABD, are as 
the Tangents of thoſe Angles direct. 
ly; a Line being drawn from the 
Point B parallel to AC till it meets 
DA produced, As appears from 
Prop. 4. Bock VI. Eucl, 


Preblem I, 


The Ratio of RefraQtion being 
given; to find the Angles of Inci- 
dence and Refraction of an effect- 
ive Ray, after a given Number of 
Reflexions. 

Let any ſtreight Line AC be taken, 
and let it be ſo divided in D, that 
Ac may be to Ab, as the Ratio of 
Refraction; and let it 
be divided again in E, Tab. XIX. 
ſo that AC may be to Fig. 4. 
AE, as the given 
Number of Reflections increaſed by 
Unity, is to Unity. Having deſcri- 
bed the Semicircle CBE on the 
Diameter (E; from the Center A, 
with the Radius AD, let the Arch 
DB be deſcribed, interſecting the 
Semicircle in B: Let AB, CB be 
drawn, then will ABC, or its Com- 
plement to two right Angles, be the 
Angle of Incidence, and ACB the 
Angle of Retraction required, 


Demonſt, 
From the Point A, let the Per- 
fendicular AF be let fall upon CB 
tj roduced, and let BE be drawn; 
then 
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d ſuppoſe to come from this Center to the Drop of Wa- 
e ter, there come others alſo from every Point of the 


e Sun's 
5 then will the Triangles, ACF, ECB of this Problem; the Rule of the fa- 
» be fimilar. Now the Sine of the mous Sir Iſaac Newton, for finding 
10 Angle ABC, or AEF, is to the the Angle of Incidence, which you 
y Sine of the Angle AC8,as ACto AB may find in his Opticks, pag. 148, 
1 or AD, that is, in the given Ratio of may eaſily be collected. For let 
's Refraction (by Conſtruct.) Suppoſing I be to R in the Ratio of RefraQti. 
4 therefore ABF to be the Angle of I 
Incidence, ACB will be the correſ. on; then will Ac — AB; let abe 
1 ponding Angle of Refraction. Fur - | R 
8 ther, the naſcent Inerement of the the Number of Reflections increaſed 
8 Angle ABF, is to the Increment of by Unity, and it will be FB 
/ the Angle ACB, generated in the FC. And becauſe the Angle at F 
: fame Time, as CF to BF; (by the Is a right Angle, therefore Ac 
a Lemma) that is, as CA to EA. (45 11 
5 ſimilar Irianglei) that is, as the given CFg == ABq— BFgq ; that is, —— 
Number of Reflexions increaſed by RR 


Unity, is to Unity (Ey Conflr,) ABq—nFBqzz ABg— BFg; and 
Wherefore the Ratio of the naſcent 11 


Increment or the Angle of Inci- therefore anF BA. BFgzz— —ABg 
dence ABF, to the Increment of the RR 


- Angle of Refraction Ac, is ſuch ag BF 

, is required (by the Obſervations a. — A5; and again = 
5 brve) in the Angles of Incidence AB 

: and RefraQtion of an effective Ray II RR Te 

A after a given Number of Reflecti- NR KR Whence (if in- 


ons. The Angles ABC or ABF, and ſtead of u be put its Value, which in 
ACS therefore are the Angles requi- the firſt Rainbow is 2, in the ſecond, 


red, . : 3, in the third, 4, Cc.) it will be 
8 From the foregoing Conſtruction 
b /f. 93 RR: H+RR:: AB: FB:: the 
f In Rainbow the 2d. 8 RR: — ths Cofine of Inci- 
34, y/ 15RR: H. 
t &c. 
t But the foregoing : : pd: Dd, Wherefore Dd = 
Tab. XXVII. Rules may be found CD x pd 


. Fig. 3+ in a more fimple and 
expeditious Way yet; SC | ; 
if it be conſidered, that the ſmalleſt Conſequently (the Radius CD being 


Y lacrements of Angles or Arches, every where the ſame) Dd or the 
: are to each other, as the Increments 4 
8 of their Sines generated in the ſame ſmalleſt Angle DCd is as 
, Time, directly, and the Coſines - SC 
. them elves inverſely. On the Center Now the Letters v, I and R ſtanding 
4 C, with the Diſtance CA let the for the ſame Things as before, and 
4 Arch of the Circle AD be deſcribed; putting Z for the Coline of the An- 
2 then will Ds be its Sines, and ds the gle of lacidence of an effective Ray, 
n Sine of the Arch which exceeds the and - for the Coſine of the Angle of 
: Arch AB by Dad the ſmalleſt Dif- the Retraction of the lame ; Since 
ference that can be. Let Dpbe drawn = is to 1 (by the Ooſervations above) 
perpendicular to ds, and dp will be as the ſmalleſt Inerement of its An- 
the Increment of the Sine DS ge- gle of Incidence, to the Increment 
. nerated in the ſame Time Let DC of the Angle or Refraction genera - 
; de drawn ; then 45 tbe Anil. ſrian- ted in the fame Time ; and the In. 


3 DCS, Ode) ir will be Sc: CD ctements of thoſe Angles are as the 
| | P 3 Incre- 
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Sun's Superficies ; we ought to examine a great many 
more effective Rays, and particularly that which comes 


Increments of the Siaes directly, 
and as the Cofines themſelves inverſe- 
ly ; and {becauſe the Ratio of tbe 
Sines of Incidence and Refrat#ion 1s 
given) the Increments of the Sines 
ot Incidence and Retraction, are to 


each other (by Converſion) as the 


Sines themſelves, or as Il to R; 


Therefore # will be to 1 as Ito R 


directly, and as Z to c inverſely, 
| I R 


that is 2: 1::—: — . Wherefore I 


1 4 

=#RY, Putting therefore r for 
the Radius anſwering to & and ; 
vill be the Sine 
of the Angle of Incidence anſwer- 
ing to that Rad us, and (tbe Ra- 
fro of Refrad ion being given) 
RY i- will be the Sine of the 
HR” 

Ang'e of Refrection, and therefore 
q/ 13r2——R2,2 RES 2 will be 

6 

its C:fine or 2. Wherefore in the 
Equation I o=nRS, if for - be 
ſoþRitured its Value, it will be 
4 13/2 —RP73 R?2S2 = 
„RZ; And ( ſquaring the Parts and 
granſpoſing them) 12 12 R272 — 
n2 R253 2—R2 TS 2+ And (ref l- 
ving the Equation into Proportion, 
and extracting the Roots of the Terms) 
4 n+ K — RZ: V 11-2. 5: 
S the ſame Proportion as before. 


2. E. I. 


The forego'ng Rules may eaßiy 
be reduced to another Form, which 
perhaps may appear ſomewhat more 
convenient itil! for finding the An. 
gles of Incidence and Refraction, 
by Calculation. For putting - for 
the Radins, S fir the Sine of the 
Angle of Inc d-rce, BZ for its Co- 
fine, andes for the Sine of the An- 
gie of Re ract'on. Since in the firſt 
Kd bow. 3K 2: 2. Rz : 272: 
S 2. It will be 32: 4R? 1? 
22 72121721 wes 2 2 +» Wheretore 

r 


5 v4 4 — 12, And becauſe 
= =" 3 


* 


S1 422:1: R: it will be 2 
4 


from 


* 4R2 —. 2. So likewiſe it will 


3 
be found in the ſecond Rain- bow that 


s ST mw 

R 8 1 

nis the third $ 
— — — 


* 


r LE Send 7 

+ 10R? _I|?, , = 

R ET 15 7 I 

4 16RT—T7, And ſo of the reſt. 
Corol. 2. 


The Tangent of the Angle of In- 
cidence of an effective Ray, is to the 
Tangent of the Angle of RefraQtion ; 
as 110 1, It follows from what goes 


before, and from the Corollary of 
the Lemma. 


Prob. II. 


The Ratio of Refraction being gi - 
ven, and any Angle of Incidence 
whatſoever : To find the Angle, 
which a Ray of Light, coming out 
of a refracting Sphere after a given 
Number cf Reflexions, makes with 
the Axis of Viſionsor incident Ray; 
and 1: to find the Diameter of the 


* Rain-baw. 


The Angle of Incidence being gi- 
ven, and the Ratio cf Ref action; 
the Angle of Refraction js given, 
Let this Angle be multiplied by 
twice the Number of Reflexions, in- 
created by the Number two, and from 
the Product, let twice the Angle of 
Incidence be taken; the remaining 


Angle is the Angle fougat, 2 E. I. 
D-morft. 


Let CI ZE be a great 
Circle of a Sphere; in 
the Plane cf which let 
Ri be an incidenrRay, 


Tab. XI X. 
Fig · 5 


which after two*RefraQtions in the 
Points of the Circum*terence 1 and 
E, and one Refievion between them 
in Z, comes out in the Line EMs 
Let EM be preduced, till it meets 
the incident Ray RI, produced a ſo, 

in 


* 
| 
1 
* 
i» 
, 
1 
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from the higheſt, and that which comes from the loweſt 
Part of the Sun, Now the Sun's apparent Semidiameter 


in X ; and from the Center C, let 
the Semidiameters CI, CZ be drawn. 
Becauſe the Angles (Z, CZE, and 
allo the Angles ZiX, ZEX, are 
equal ; CZ produced will paſs through 
X and diſect the Angle IX E. The 
Difference of the Angles CZ!,ZIX , 
is alſo equal to IX Z. But CZ I or 
CIE is the Angle of Refra&ion, and 
Z1X is the Difference betwixt that 
Angle and the Angle of Incidence 
CIX ; Therefore IXZ is the Diffe- 
rence betwixt tw ce the Angle of Re- 
fraction and the Angle of Incidence. 
Conſequently, the whole Angle 
IXE, is the Diff:rence betwixt four 
Times the Angle of Refraction, 
and twice the Angle of Incidence, 
9. E. D. 

Now let the Ray Rl, after two 
Reflexions in Z and E, come out in 
the Line eR, meeting RI and XE 
(the firſt being refracted) in R and 
M, e EX, the external Angle of the 
Triangle e EM, is equal to the two 
Angles, EeM, eME ; and becauſe 
the Refractions in e and E are equal 
the Angles, EeM, ZEX, are equal; 
therefore the Angles EZ, eME are 
equal; But it is evident, that the 
Angle of Reflexion eEZ or EMe, is 
double the Angle of Refraction: 


# 


„. Red — 42. . 
* Blue 40. 100 


IIa. Red 50. 58. 


Blue Ch - 
1114. 4 Red 41. 37; 
Blue Ic: 
IV, Red 43. | 52. 


Blue——49. 34 


Hence the Breadths of the Rain - 
bows, and their Diſtances from each 
other, may eaſily be collected; ſup- 
poſing the Sun to be cnly a Point. 
But becauſe the Diameter is about 

oO, p much muſt be added to the 
Zreadth of every one of the Rain- 
bows ; and ſo much muſt be taken 


being 


And it has been demonſtrated, that 
MXR is the Difference betwixt four 
Times the Angle of Refr2&'on and 
twice the Angle of Incidence : There- 
fore the Sum of the Angles EMe or 
XMR ard MXR; thatis, the exter- 
nal Angle of the Triangle MXR, 
is the Difference betwixt fix times 
the Angle of Refraction, and twice 
the Angle of Incidence. Q. E. D. 

The ſame Method muſt be pro- 
ceeded in, if there be three or more 
Reflections. But becauſe ſuch Caſes 
belong to the third and fourth, &c, 
Rain- bow; which are hardly ever 
ſeen in the Heayens, becauſe the 
Rays of the Sun become ſo much 
thinner by every Reftexion z and be- 
cauſe they are very eaſy ; 1 ſhall not 
ſtay to demonſtrate them. 

Suppoſing therefore, that the Ratio 
of Refraftion out of Air into Wa- 
ter, is what the famous Sir Iſaac 
Newton obſerved; (See bis Opticti, 
Pp. 11% viz. as 108 to 81, inthe 
red Rays; and 109 to $1, in the 
blue; then by Calcelation according 
to the foregoing Rules, the Diſtan- 
ces of the Colours from the Axis of 
Vifion (which is confirmed by Ob- 
ſervation ) will be found to be in 
Rain - bow. 


If the Spe ctatotr be turned from 
the Sun. 


If the Spectator be turned towards 
the Sun. 


from. their Diſtances from each other, 
that their true Breadths and Diſtances 
from each other may be had. 15 
muſt alſo be added to the Diſtance of 
the outermoſt Circle of Colours, from 
the Axis of Viſion, which paſſes thro 
the Sun's Center; and as much nut? 
be taken from the Diſtance of the 
P 4 inner- 
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being about ſixteen Minutes, it follows that the effective 


Ray which comes from the higheſt Part of the Sun. will 


innermoſ} Circle, in order to have 
the true Diſtances of thoſe Circles 
from the Axis of Vition. 


Prob. III. 

In the firſt Rain - bow; the Angle, 
which an effective Ray of any Kind, 
makes with the Axis of Viſion, be- 
ing given; to find the Ratio of its 
Re fraction · 

Let the Angle of In- 
Tab. XIX. cide ce be got: For 
Fig. 6. th t being found, the 
Angle of Refraction, 
and conſequently, the Ratio of 
Refraction, will be given, by (Prob. 
II. or Corol. 2. Prob. I.) Let ABC, 
be the Angle of Incidence , and, 
2ny given Line CA being taken for 
Radius, let AB be the Tangent of 
that Angle; which being biſeQed 
in D and CD being drawn, ACD 
will be the Angle of Refradtion, 
(y Cor 2. Prob I) Let AE be the 
Tangent of douole this Angle; and 
Having drawa CE, the Angle BCE 
(* Prob. II. will be half a given 


Ang e, and conſequently will it ſelf 


be given, Suppoſe then AE = S; 
BAT ; and thetefure AD T T ; 
AC=r; the Tangent of the given 
Angle BCE —t ; And becauſe the 
Line CD biſeds the Angle ACE 
(by Cenſtruction) it will be (by Prep. 
3. Bock VI. of Eucl.) AC: CE, 


(y AGF FRE): AD: D E. 


Wherefore DE= T ,/ SS +77. 
2 ＋ 


And * y > en ee ＋ T 13 


2 7 
T. And again, T y SS —— rr = 
2 Sr Tr. Then (by ſquaring the 
Parts and Reduttion) it will be S 
4 T rr 


bo--TT 
Now in order to find out T; let 
BF be let fall trom the Point B per- 


pendicular to CE; Then, it will 


be, as the Secant of the given Angle 
BCE, is to the Tangent of the ſame, 


that is, as ], te to t; ſo j5 
CBlyY iT +7;,) to BF =* 


fall 


* | Again, (vecauſe the 
rr ef 


Triangles EBF,ECA are ſimilar) EC, 
8 +17) : CA, (r) : : EB 


ras 1 F 
(S—T) : BF=— » Where- 
* dor 
TT ++rr S-, 


fore? * —— — 

”r + te AS 
Then (by ſquaring the Party ) 
TT et + rrtt SS II—2STrr + 


rr tt ws SS E r 
TT rr. And ( multiplying tb 
Numerators by each other's Denomina- 
tors, firiking out the equivalent Terms 
and by Tran ſpofition) $Sr4—2STr4 
—+ TT74=SSTT tt +2STritt + 
74 tt. And (by extracting the Reon) 
Srr -,. = ST? + rt. Now the 
Value of S8, before found, being ſub- 


ſtituted in its Room, and the whole 
FF 


divided by — the Equation 
| 4rr — TT | 
will become T3 = 4TTe + 4-rrt, 
or T3—3T2 Art = 0. Now 
by relolving this Zquation T will be 
found, and conſequently, the Ratio 
of Refrattion will be found from 
what goes before. Q; Z. J. 
Now in Order to reſolve this E- 
quation, let V -+-? de put for T, 
and then it will be changed into this 
Foim V3. ;Vtt-2t3—477tz=0, 
Which being reduced by the Rule, 
which ycu have briefly demonſtta- 
ted in Pap, 252. of the famous Sir 
Hazc Newton's Algebra; and, ſnp- 
poſing 7 := 1, and the Secant of the 


given Angle * or + ths. it will 

at laſt come out V==3 V/ 13 +2 

2 ts +3 VII A- 20, Or V= 

iris 
of a 

nant —. If therefore 

jy 7 ＋ * ＋＋ 14 

t to be added to this, the Sum will be 

== T ſought. Further, it will eaſily 


* appear, tha the Sines of the An- 


gles of Incidence and Refra Gion, 


8 : are 


Cha 
fall u 
EF, 


arey/ 
and th 
13 as 4 

But 
the f 
it is ſi 
given 
tween 
ven it 
duced 
Point 
279, 
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. fall upon the Drop of Water ſixteen Minutes higher than Tab. xv. 
j EF, as you ſee (in the ſecond Figure relating to the * 


l Rain-bow ) 
T T Equation will come out as before, 
C T3—3T2 t—4 rt o. If there- 
are FI +landy TT +,4 fore DR be Radius, Ca will be the 
4 and therefore the Ratio of Refraction Tangent of the Angle of Incidence. 
„ 13 as 72 +4 to T2 +1. E. J. 
But T may alſo be determined b 
* the following Con ſtruction. Bur Corel. 
it is ſuppoſed that a ſtreight Line cf a Hence we have a Method of mea* 
; given Length, may be fo placed be- furing the Reſractions of Liquors ot 
tween two other ſtreight Lines gi- of any other tranſparent Bodies 
1 ven in Poſition, that when it is pro- whatſoever 3 wiz-/ by expoſing a 
r duced, it may paſs throvgh a given Sphere, of any Sort of tranſparent 
} Point. See Newt. Algebr. pag. Matter to the Sun, and taking by 
* 279, &c. 2 _— 2 0 
— Let any ftreight effective Rayy of the in-bow, 
Tab. XXVII. Ing be daun, ind make with/ the Axis of Viſion, 
pt in it take CAA, and CB Zz, When me out of it. 
* and let BA be biſected in D; having It may be obſerved here ; that if 
1 deſcribed an Arch of a Circle on the the Angie, which an eftective Ray of 
1 Center C with the Radius CD, let 2 given Kind, in any Rain-bow, 
b DR r be inſcribed in it; and makes with the Axis of Viſion, be 
0 let AR be joined: Having inſcribed Eiven ; the Ratio of the RefraQtion 
4 the ſtreight Line d a=DA between of that Ray may be found pretty 
4 DR and AR produced in ſuch a Man- much in th ſame Manner as before. 
le ner as to paſs through the Point C For, the Conſtruction being the 
when produced, aC will be = T. ſame as then; ſuppoſe BCA to be the 
n For, let CG be drawn parallel to Angle of Incidence of 
DR, and meet AR, produced in the effective Ray of any Tab, XIX. 
t, G; Then ( becauſe tbe Triangles Rain-bow propoſed 3 Fig. 6. 
* GCA, RDA are fimilar ) as GC and the Angle ECA, a 3 
ks is to CA ; ſo is RD to DA. Multiple of the Angle of Refraction 
* And again ( becauſe the Friongles of the ſame Ray, according to the 
mn GCa adR are fimilar) as GC is to Number of Reflexions, increaſed by 
Ca,ſois d Reto da or DA. Hence Unity; then will ECB, be half a gi- 
I CA is to d R, as Cato DR. And ven Angle, or half its Supplement 
4 (by Compoſition ) Ca + CA is to (by Preb. II.) Whence ; if CA be 
15 SAR DR, 8 called ; AB, T; AE, S; the Tan- 
yy 13 5 as to AR; out gent of the Angle ECB, t, as before; 
R & rt it is evident, that the ſame Equati- 
5 Ca os on will always ariſe S rr —= T rr = 
br > STe erer; and that nothing elie 
s Further CDg—Cdg==dD x dR (ly remains, but as in the foregoing Pro- 
5 Prop. 13. Book II. of Eucl.) Whence blem, to find the Value of S, and to 
| ir foll ON =, put it in its Room, in that Equation. 
II it follows that 3 ca car % Take an Example hereof in the ſe- 
7 4D, as AR is to CCD. But CA bond Rain- bow. Suppoſe BA to be 
5 +<Ca, is to 4D, as CA is to IR. de DA ; as the Number of Reflexions 
2 Where fore as CA is to d R ſo is R to creaſed by Unity, is to Unity ; 
＋ Sr then DCA will always be the Angle 
(ConCB'S*® of Retraction (by Cor. 2. Prob. I.) 
10 Now if for CA, dR, Ca, CB, and in the ſame Raia-bow DA=L 
be [ubſlituted their Values 3 viz. 44, T, and the Angle ECD double the 
47. Angle DCA. In DA produced, let 
be ——T, 3t: And the extreme and Ad be taken equal to AD. Then will 
uy T DCd=DCE ; And then (by Prop. 3+ 
n- middle Terms be multiplied by each and 22. Book YI. of Euclid) ECA: 
n, ocher, and then reduced; the fame C423 (= CDg): ; ED: Ddz ( 
16 | 4D Az ) 


r 
* — — . 


Is, + * 
Je. de — 


— — — _” wo 
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fracted as the Ray EF, is turned to I, and from thence 


4DAf) Whence, ECZ — CD7 : 
EDg—4DAg :: CDg : 4D Af. Al- 
fo, ECę = EDq+DCg+2DE x 
DA; And CDq = Ca? AD7 3 
Which being ſubſtituted for ECz, 
CDg ; it will be, EDz + 2ED 
x. Da (=ED x 2DA x ED :) 
ED; — 4D A7 (= ED ＋ 2 DA x 
ED—zua): : ED: 3 : 
CA ADg : 4A Dęz. And there- 
he db 2DA : : Caqg + ADz7: 
Cag — 3ADg, or ED: DA: ; 
2Cngb2ADg: CAg—3AD7 ; And 
lafily, ED4+DA (=EA) :DA:: 
3Cag — ADgqg : CA? — 3AD9 
Whence it is evident that EA = 
gCAg x DA — DAS 
—— — . Nov let 8, 
CAg — 3ADg 
y, and + T, be put for EA, CA and 
DA reſpe&ively, and it will be S 
172 T — T3 
— and putting this Va- 
72 — T* 
lue of S for S in the Equation Srr.— 
W o, it will become 
rr 
14 + ——T3—I18rrT13— 277 4 
F 


ry 
So, or (putting ] for —, that is, 


; t 
the Tangent of the Complement of 


the Angle ECB) T4 +'$JT3 — 
1877 T2 — 2771 g. er 
The Problem being 

Tab. XXVII. thus reſolved, it may 
Fig. 2. be conſtructed in the 
fol ſowing Manner by 

Means of any Parabola. Let MAC 
be a Parabola, its Vertex C. the Ax- 
is CDFK, the Parameter of the 4 xis 
RC; and taking a third Part of this 
for the Radius of a Circl-, let I be 
the Tangent of the Comp ement of 
the given Angle ECB. Let AD — 
2] be en Ordinate to the Axis, and 
let DF be taken equal to 3 C; FR 
2CF, and from the Point K let KH 
be erecied perpendicular to the Ay. 
is, and meet the ſtreight Line drawn 
through A ani F, in H. Then 
having d ſcribed a Circle on the 
Center H with a Reding equal to 


Hof ug; ard having let 


to 


fall from the Point M, where it meet: 
with the Parabola the Line M, 
perpendicular to AQ, drawn fiom 
the Point A parallel to the Axis; 
Then MQ will be the Tangent of 
the Angle fought to the Rad: us equal 
to 1 CR. 

For let HK meet the freight 
Line AQ in I, and the ſtreight Line 
ML, parallel to the Axis in L; let 
MQ meet the Axis in P alſo. Now 
fince (by Conflruftion) CRT = 


ML 
HMg—Hag ; and HMg=p,? 8 


+LHz; and PK (=D DP2) 
= DK4,—2DK x DP+DPg ; and 


— 
LI 
+ 2MQ x 1H IH,; and HA? 
Al : 4 
EY + ing.: It will be,; 
Ch DPg — 2DP x DK Ma; 
+ 2MQ x IH. 
Further, ( from the Nature of lle 
Parabola) as ADq : MPg — 4Dy 


SM +2MQ_ N 


D DP. Whence DP 
M + 2MQ x AD 
— 3 Alſo DR 


CR 
=2CD-þLCR) Ack. 
CR 
And (Lecauſe the Triangles FDA, 
4ALc 


AIH are fimilar) IH—= 
CH/ 
3DA. Let theſe Values be ſubſti- 
tuted in the foregoing Equation for 
LP, UE, IH, and it will produce 
7 CRg= Ml 97 222 — 
Gi 

—2MQ9Qz. Or MQ97 4-44D x MN 
—?CRg x Mf — x CRggzz 0 
And laſtly, putting MQ==T, Ab 
2], CK =3r: It will be T+ + 
8 T1 — 1872 T2 — 2714 = e 
Whence it is evident that ML 
the Tangent of the Angle ſought i 
the Hadi > Cs 
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to L, in order to go at laſt to M, where it undergoes an 
Ef cqual Refraction with the Ray NP, and makes with the 
Lire ON, the Angle ONM* which contains forty one 

Degrees, and fourteen Minutes. So likewiſe, the effec- 
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* tive Ray QR, which comes from the lower Part of the 
. Sun, falls upon the Point R, which is ſixteen Minutes 
; WW lower than the Point F of the Ray EF, whence it is re- 
. fracted to 8, and from thence reflected to T, where go- 
ing out into the Air, it comes at laſt to the Place V, ſo 
t WF that the Line TV makes an Angle of forty one Degrees 
and forty fix Minutes with the Ray OT, 
G 7. In computing the Bendings of ſuch Sort of Rays To Of three 
- W 52 3 (in the firſt Figure) which we ſuppoſe to come 79 
2 from the Center of the Sun to the lower Part of the Rays. 
5 Drop, and after two Refractions and two Reflexions, to — XVI. 
? . . | , 
end towards the Eye in ſuch Lines as 6 7 ; we find that 8. + 
| that which we call effective, and is repreſented by the 
7 
'f If the Roots of this Equation be The aforeſaid Equation has alſo a 
7 tefired in Numbers, let the Nume- negative Root, vig.—6.8 16227653 
ral Tangent of the Complement of from whence it may be gathered, 
) Pp * 
7 the Angle ECB in the Tables, be that the Ratio of Refraction is very 
1 ſubſtituted for J, and the numeral nearly as 347 to 321. For there 
Radius in the Tables forr ; And then are two Caſes of Refraction, in 
07 2 numeral Equation will be given, which the effective blue Rays of the 
) which may be reſolved by the com- ſecond Rainbow, make the fame 
mon Rules. Angle (54%. 9 z) with the Axis 
)P For Inſtance, the Angle which the of Viſion; or when the Ratio of 
blue Rays make with the Axis of Refraction is as 109 to 8; as in 
Viton in the ſecond Rain-bow, is Rain Water, in which Caſe the 
JK 54% 9- 26 . Half of this, wiz, Tangent of the Angle of Incidence 
272. 4*- 48 is the Complement of will be 2.9775981 ; or as 347 to 
"B+ Angle ECB, Ard the Tangent be- 321, and then the Tangent of the 
: 3 Angle of Incidence will be 6. 
JA, longing to it, (— = 1). 5112854, 8162765. And as to this latter 
OY Caſe; if the Exceſs of the Sines of 
+ ſuppoſing the Radius (r) 2. Theſe Incidence of different Sorts of Rays, 
then being ſubſtituted in the forego- above the common Sine of Refrac- 
ſti- ing Equation, for J and r; there will tion, be ſuppoſed to be always in a 
for ꝛriſe the numeral Equation T4 ＋4. given Ratio; Since the Ratio of Re- 
Juce 9902832 T3 — 18 T2 — 27 2 0. faction of the blue Rays, is as 347 
1% By reſolving of which, T or the to 321, thatof the red Rays in the 
— Tangent of the Angle of Incidence, ſame Medium, will be nearly as 346 
ML wil be found to be 2.9775981; to 321. Whence it will appear by 
Ard the 3d Part of this 0.9925327 Calculati>n according to the forego- 
= 0 is the Tangent of the Angle of Re- ing Rules, that in ſuch a Medium, 
U= fraction; and the correſpondent Sines the red Colour will be outermoſt, 
| T 223 will give the Ratio of Re. and make an Angle of about 562 
. 1 Achablae Ruge; Now theſe gr. ; with the Axis of Viſion, and 
* des are to each other, and conſe- the blue within, in the ſame order 
wently the Ratio of RefraR on, 2s as the Colours of che firſt Rains 
1 * 129 co TIF; that bow. 


28 42268 to 31410, ot as 109 to 
$1 ve:y nearly, 


Line 
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Line 6 7, (in the third Figure) makes with the Line 8 6, 
which comes from the Center of the Sun, the Angle 8 67 
of about fifty two Degrees. Whence it follows, that the 
effective Ray which comes from the higheſt Part of the 
Sun's Body, makes with the ſame Line 8 6 an Angle of 
ſixteen Minutes leſs, and that which comes from the low. 
eſt Part of the Sun's Body, an Angle of ſixteen Minute 
more. Thus ABCDEF being the Courſe which an el. 
fective Ray takes, in coming from the upper Part of the 
Sun, in order to get to F, where we ſuppoſe the Eye 
to be placed, the Angle 86F is about fifty one Degrees, 
and forty four Minutes. So likewiſe GHIK LM being 
the Courſe which an effective Ray takes in coming from 
the lower Part of the Sun, the Angle 86 M is very nearly 
fifty two Degrees, and ſixteen Minutes. 
8. Of the 8. Boca we own that there are a great many other 
9 ot Rays which are effective, beſides that which comes from 
bs fo the Sun's Center; therefore there muſt be ſome Alten- 
en the Dreps tion made in what we ſaid above concerning the Shadow: 
of Ram. For of the three Rays drawn in the ſecond and third 
Figures, the two extreme ones only have a Shadow ad- 
joining to them, the middle one has none at all, W hence 
it is manifeſt, that theſe Rays have all the Conditions pro- 
per to raiſe the Senſation of Colours like thoſe ſeen by 
Means of a Triangular Glaſs Priſm, which we explained in 
the firſt Part of this Treatiſe. (1) And we are ſure in par- 
Tab. xy, ticular, that the Ray TV (in the ſecond Figure) ought 
ig. 8, to appear red, becauſe it is refracted towards the Side op- 
poſite to the Shadow; that the Ray LM (in the ſame 
Figure) ought to appear blue, becauſe the Refraction 1s 


(1) And ⁊pe are ſure in particular, they have all the ſame Incidence 
Kc.) The Drops of Water are here when they fall upon the xefracting 
juſtly compared with the Priſm, ard Superſicies. Theſe different Rays 


the Account of the Shadow is right. 
But the natural Cauſe of theſe Co- 


jours, which the Author aſſiens, is 


of no Moment, becauſe it depends 
open Principles which are not true. 


We may rather aſſert, that chat large 
Quantity of thick Light, or that 


Bundle of Rays collected together in 
a particular Point of the Prop, may 
be looked upon as a lucid Budy ter- 
minated on all Sides by a Shadow. 
Theſe Rays of Light, ſent to the Eye, 


are different from cone another, and 


are fitted to excite different Colours ; 
and they are differently re!racted as 
they come out into the Air, though 


therefore muſt neceſſarily be ſepara- 
ted from each other by Refraction, 
and the various Sorts of them muſt in 
great Numbers tend difterent Ways; 
and conſequently this lucid Point of 
the Drop muſt appear edged with Co- 
lours, that is red, green, and blue 
Colours, muſt ariie from the Extre- 
mitics of the red, green, and blue 
Images of the Sun, (which are paint- 
ed upon the Eye by the different Drops 
one above another) in the ſame man- 
ner as we find there does in all Fo- 
dies, whether bright or opake, when 
looked at through a P. 


mad? 
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„ made by approaching towards the Shadow; and Laſtly, 
de Ray NP ought to appear Yellow, becauſe there is 
e no Shadow at all on either Side of it. 80 likewiſe, it is 
e caſy to ſee, that for the ſame Reafon the Ray EF (in the +,,, LVL, 
of WW third Figure) ought to appear red, LM blue, and 6 7 Fig. 4. 
- yellow; fo that the uppermoſt Ray in the third Figure, 
produces the ſame Effect as the lowermoſt Ray in the ſe- 
f. W cond Figure: It is alſo very evident, that the Rays of 
ie che ſecond Figure ought to produce more vivid Colours 
ve than thoſe of the third Figure; becauſe the firſt are 
„ W weakened only three Times in the Places where they are 
7 refracted and reflected; whereas the latter are weakned 
m WM four Times in the Places where their Reflexions and Re- 
ly fractions are made. | 
9. What we have now ſaid is exactly agreeable to Ex- we - 
er rience. For having filled a Glaſs Globe, of about three Pra of 
Facke Diameter, with Water, and held it in the Sun; % Co- 
3» W when my Eye was in the Place marked V (in the ſe- _ TP, 
: cond Figure) I always ſaw a very vivid red Colour which Fig. 8. 
rd WM ſeemed to cover all the Part about T; and, the Eye re- 
d- maining in the ſame Place, if T held the Globe a little 
ce blower; or if without altering the Globe, I raiſed my 
o- WW Eye a little higher to the Place marked P, I faw the 
by Globe, covered as it were with a vivid Yellow, all about 
in the Point N; and if I held the Globe a little lower ſtill, 
r- or raiſed my Eye a little higher, ſo as to be in the Place 
ht marked M, I always ſaw the Globe covered with Green 
p- MW or Blue, about the Point L. So likewiſe, if my Eye . xvI. 
ne were placed in F (in the third Figure) I ſaw Red in the Fig. 4. 
\is WM Place E; and putting my Eye in the Place marked 7, I 
ſaw Yellow in that marked 6 ; and laſtly placing my Eye » 
nc WW in M, I ſaw Blue or Green in L. And which is worth 
— obſerving here, the Colours which I ſaw, by Means of 
a. the Rays in the third Figure, were leſs vivid than thoſe 
on, made by the Rays in the ſecond Figure; for theſe were 


ys; ſbometimes ſo bright, as quite to dazzle one's Eyes. 
t of o. Nor is it at all ftrange, that ſome Philoſophers 1, 4 uh 
Co who could not make this Experiment ſucceed, have Wy ee 


e. doubted of the Truth of it: But I thought of a very —— Ke: 

blue WW ealy Way of doing it, and that is, to try the Experiment N 
in a Place where ſcarce any other Rays can come but 

un- only ſo many as will cover over the whole Globe, and 

bo- to put a Sheet of white Paper in the Place where the 

en Eye ſhould be to ſee the Colours: For then we ſh ul 


e 
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fee Red; Yellow and Blue, at the ſame Time, painted 

very diſtinctly upon the Paper, 
e 11. Further; if we go on ſtill to raiſe or depreſs the 
27405 227 Eye, fo that it be not any where in the Space VPM 
of Light in the ſecond Figure, or F 7 M in the third Figure, we 
3 ſhall fee.no Colours at all. And there is no Reaſon to 
33 ſuſpect that the Colours which we ſew before, were cau- 
ſed by other Rays than thoſe mentioned; for if, for 
Example, the Glaſs Ball be covered almoſt all over, fo 
that the Rays of Light have no Paſſage any where but 
at the Places marked F and N, in the ſecond Figure, we 
ſhall ftill fee them ; whereas we ſhall ſee them no longer 
if only one of theſe Places be covered ; or if any opake 
Body be put in the Hole of the Glaſs Globe where 
the Water is poured in to fill it; which may intercept ei- 
ther of the Rays FK or KN; though all the reſt of the 

Globe be free and uncovered; 
** —— 12. Beſides the Difficulty of diſtinguiſhing theſe three 
oy whe e Colours, by reaſon of the very great Vividneſs of the Rays, 
not jo eafily there may be another, if we make uſe of a very ſmall 
ſen, if the Globe, and eſpecially if it be ſurrounded with very bright 
Objects: For theſe Objects ſhake ſo much thoſe Parts 
be made of the Eye upon which they deſcribe their Images, by 
ors the Impreſſion they make, which extends itſelf a little all 
y round; that the effective Rays which come from the 
ſmall Globe, and terminate upon the ſame Capillaments 
of the optick Nerve, are not capable of making ſuch an 
Impreſſion as can be perceived. But this Smallneſs may 
be compenſated by the Number; and a great many very 
ſmall Globes, ſuch as Drops of Rain are, ſide-ways and 
above and below each other, may make the Space which 
they poſſeſs, ſeem to be filled with theſe three Colours; 
provided the Place in which they are, be ſuch, that the 
effective Rays belonging to them can come to the Spec- 
I tator's Eye. 

13. What 13. Now in order to find out where this Place is, let 
2 us imagine a ſtreight Line coming from the Center of 
ab beer co. the Sun, and paſſing through the Eye of the Spedtator, 
loured ; and whole Back is turned towards the Sun; to be continued 
of — my on to the Part oppoſite to the Sun, ſuch as VX in the 
Doe. ſecond Figure and 7 X in the third Figure. This Line 1s 
Fig. 8. that which ſome others before us, have called the A! 
Fug XVI. of Vifien, which becauſe it comes from a Point fo very 
*” may be looked upon as parallel to all the Line 
which come from the ſame Point. And becauſe a right 
Line falling upon two parallel Lines, make the oppolite 
alternate 
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ed alternate Angles equal; if we imagine that there goes 

from the Eye of the Spectator, to the Part oppoſite to 
he the Sun, (where we ſuppole it to rain then) an indefinite 
* Number of viſual Rays, which make three Sorts of An- 
ve gles with the Axis of Viſion, viz. of forty one Degrees 
to and forty fix Minutes; forty one Degrees and thirty Mi- 
u- nutes; and forty one Degrees and fourteen Minutes; and 
or that theſe Rays meet the Drops of Rain which the Sun 
ſo ſhines upon; we ſhall eaſily apprehend, that theſe viſuai 
ut Rays make Angles of the ſame Bigneſs, with Lines drawn 
we from the Center of the Sun to theſe Drops; and conſe- 
er quently that theſe Rays are the ſame as the ective Rays 
ke which cauſe the Senfation of Colour: Thus in particular, 
ere we are ſure, that the viſual Rays which make Angles of 
ei- forty one Degrees and forty fix Minutes with the Axis of 
he Vifion, are the very ſame as the ective Rays of Light, 

| which cauſe the red Colour, as VT in the ſecond Figure; Tab. xv. 

ree thoſe which make Angles of forty one Degrees and thirty Fs. 5: 


vs; Minutes, are the fame as the ective Rays which cauſe a 
all Yellow, as PN in the fame Figure; And laſtly, thoſe 
rht which make Angles of forty one Degrees and fourteen 
ts Minutes are the fame as the ffeive Rays which cauſe 


by Blue or Green, as ML. So that all that Part of the Air 
al where theſe Drops are, and where theſe 9:ſual Rays ter- 


the minate, ought to appear tinctured with theſe three Colours. 
nts 14. Further; it is evident, that if the Eye be placed in 14. Ser 
an the Vertex of a Cene, in order to ſee the different Objects c Drops 
nay which are upon the conick Superficies, without having —_— 1 
ery any Regard to their Diſtance ; theſe Objects muſt ſeem , 4:4 
and to be in the Circumference of a Circle. Now the Eye Ce, 
ich of our Spectator is in the common Vertex of three Cones — 5 
1s; formed by the viſual Rays, which make thoſe three Sorts Rain bes. 


the of Angles before-mentioned, with the Axis of iin: 
Yec- And the Drops of Rain which appeared, are in the Su- 
perficies of that Cone, whoſe Angle at the Vertex is big- 


let geſt, and which is the external one of the three. Thoſe 
r of which appear yellow, are in the Superficies of that Cone, 
tor, whoſe Angle at the Vertex is a little leſs: And Thoſe 


wed which appear blue or green, are in tne Superhcics of the 
the third Cone, which is within the other two: All theſe 

1e l Drops therefore ought to appear like three Girdles diſpo- 
Avi fed in a Circle, the one red, the other yellow, and the laſt 
very green: And becauſe the v//ual Rays which come from 
ines the Eye of the Spectator, make with the Axis Viſion, 
right Angles a little bigger than forty one Degrees, and forty fix 
| | Minutes; 


[nat 2 
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Minutes ; or a little leſs than forty one Degrees and four- 
teen Minutes; they make alſo greater or leſs Angles with 
the Lines drawn from the Center of the Sun to the 
Drops of Rain at their Interſection; whence it follows, 
that thoſe viſual Rays are the ſame with ſome of thoſe 
which we before called ineffectual, or incapable of raiſing 
the Senſation of any Colour. So that theſe three Girdles 
which are red, yellow and ,green, being cloſe to each 
other, and no coloured Objects beſides near them, they 
muſt form the firſt and principal of the two Rain-bows 
that are often ſeen; _ | 
1 * 15. It is to be obſerved; that when J juſt now de- 
other Drops . 
which ougbe termined the Drops of Water that ought to appear co- 
te appear Joured, I excluded thoſe which meet with the viſual Rays 
lured. which are ſuppoſed to come from the Eye of the Specta- 
tor, and to make with the Axis of Vifion, Angles bigger 
than forty one Degrees and forty {1x Minutes: But I did 
not mean to exclude thoſe Drops, which other viſaal 
Rays meet with, and make Angles conſiderably bigger, 
For it is certain, that if we ſuppoſe an indefinite Number 
of theſe Rays to come from the Spectator's Eye, and to 
make with the Axis of Viſion Angles of about fifty one 
Degrees and forty four Minutes ; and other Angles of a- 
bout fifty two Degrees, and others of about fifty two 
Degrees ſixteen Minutes, the Drops which they fall upon 
ought to appear coloured : And particularly, thoſe of 
them ought to appear red, which are ſeen by the Rays, 
which make an Angle of fifty one Degrees and forty 
four Minutes ; becauſe theſe are the ſame as the effective 
Rays, which after having been twice reflected and twice 
refracted, have a Power to excite this Colour, ſuch as 
Tb. XVI. the Ray FE, in the third Figure. Thoſe ought to appear 
Fig: + yellow, which are ſeen by the viſual Rays, which make 
an Angle of fifty two Degrees, becauſe they are the ſame 
as the effective Rays which produce this Colour, ſuch as 
6 7 in the ſame Figure. And laſtly, thoſe Drops ought 
to appear blue or green, which the Rays fall upon that 
make an Angle of fifty two Degrees ſixteen Minutes, 
becauſe theſe Rays are the ſame as thoſe which cauſe 
blue or green, ſuch as ML in the fame Figure. 
| 16. Further, theſe Drops being diſpoſed in a Circle, 
ng _ round about the Avis of Viſion, very near each other, and 
wherein it there being no other coloured Objects near them, it is 
differs from manifeſt, that they muſt form a ſecond Rain-bow z which 
be firſts from what was before ſaid, muſt have its Colours lels 
vivid than the firſt, and alſo be diſpoſed the 17 
ay; 


16. Of the 
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* Way ; for the Red Colour, which appears under the big» 
h geſt Angle, in the firſt Rain-bow, is outermoſt, and the 
i Blue innermoſt ; but in this ſecond Rain-bow ; the Red 
8, which appears under the leaſt Angle, is innermoſt, and the 
ſe Blue outermoſt. | | * 
1 17. This Explication very well accoutits for the Dif- 17. 4# Ee. 
es I ference and Order of the Colours which appear in the in- f an . 
h ternal and external Rain-bow, and is ſufficient to convince f-ial Raine 
y us of the Truth of it. And I cannot poſſibly help being *%* 
F fully aſſured that it is ſo, when I ſee that every Time 
the Wind blows backwards and forwards; and diſperſes 
e- every Way, the Water of a Fountain, while it is playing; 
0 or when ever I ſpirt Water out of my Mouth and ſcatter it 
ys about in a Place oppoſite to the Sun, where its Rays come, 
a- and beyond. which there is no bright Objects; there 
er always appear artificial Rain-bows, which do not at all 
id differ from thoſe we call natural ones. + ly 27s 
al 18; For want of conſidering this Experiment, ſome 18. 4 con- 
T, modern Philoſophers have attempted to explain the Rain- — — 
er bow, by mene, that there is formed in the Air, 2 PBH 
to tranſparent Cloud of a particular Figure, which, when 2, and 6 
de the Rays of the Sun paſs through, refracts them in ſuch a T. 4 
manner, that when they come out of this Cloud, every 
v0 one of them becomes capable of exciting the Senſation of 
on ſome Colour; and all of them together become capable 
of of forming a conick Superficies, at the Extremity of which 
'Sy there is ſome Cloud, by which the Rays are reflected to 
ty dor Eye, and fo cauſe the Appearance of a Rain- bow. 
ve For, if, without giving «themſelves the trouble to exa- 
ce mine a great many Things which neceſſarily follow from 
as this Hypotheſis, and which do not at all agree with Expe- 
ar I rience, they had but conſider'd, that there is nothing at 
ke all like this tranſparent Cloud interpoſing, when, what 
ne they call artificial Rain-bows are formed, they would 
as have been convinced that their Conjectures are falſe. 
ht 19. Thoſe that favour the Explication which we have 19. That it 
"at now condemned, always anſwer here; that Rain-bows /ways 
, have been ſeen, when it has not rained ; and therefore —_—— 
uſe they muſt neceſſarily depend upon ſome other Cauſes, at tbe Rain- 
leaſt ſometimes, than thoſe which we have aſſigned. But 5% 's ſeen» 
le, this Obſervation concludes nothing againſt me; For it 
nd does not follow, that becauſe there is no Rain where we 
is me, therefore there is none any where elſe. And what 
ich I have faid concerning the Nature of the Rain-bow, ſeems 
leſs to me fo neceſſary, that I think, I may ſafely venture to 
ary Yo b. II. Q affirm 
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affirm 3 it always rains in the Place where the Rain. 
bow a 
20. Whythe 20. It will {till farther confirm our Opinion; if we can 
_ —=— , ſhow that all the Properties, which have ever been ob- 
7 the Jane ſerved in the Rain-bow, may be deduced from thence : 
readts, And firſt; in our Hypotheſis, it is very eaſy to give a 
Reaſon why it is always of a certain Breadth, and never 
increaſes or diminiſhes ; for it is manifeſt, ( I) that this 
Breadth muſt neceſſarily be contained under an Angle of 
thirty two Minutes, which is the Difference of the Angles 
under which we have ſhown the extream Colours ought 
to be ſeen, 
2 21. The Rain-bow muſt alſo neceſſarily appear more 
more diftin& diſtinct on the Red fide than on the Blue, where the Co- 
on the red Jour grows fainter gradually, till it vaniſhes. This you 
= Ju. will readily acknowledge, if you look upon the Figures 
were all the Rays which come out of a Drop are de- 
ſcribed, and obſerve ; that there come no Rays at all 
out of that Side which we affirm to exhibit the Red Co- 
Jour; but that there does come out ſome on that Side, 
which exhibits the Blue; which, though they are not 
able to cauſe any vivid Senſation, do yet excite ſome Sort 
of Senſation, W hence it follows manifeſtly, that becauſe 
thoſe Drops of Rain which are on that Side of the Rain- 
bow which appears Red, do not ſend any Rays at all to 
our Eyes, therefore this Colour muſt ceaſe all at once; 
W hereas the Drops which are near thofe that appear Blue, 
do ſend ſome weak Rays, and therefore we ought to fee 
a fainter Colour in the Place where they are; and this is 
the Reaſon why the Blue fades inſenſibly. 
wes mn 22. Again, if we conſider that the Drops which appear 
Perſms do Coloured, are feen under a certain Angle about the Axis 
mor ſee the of Viſion; and that two different Perſons have a different 
an Rain. Axis, we ſhall plainly ſee, that every Spectator has a par- 
: ticular Rain-bow of his own; And this is confirmed by 
Experience; (contrary to the Opinion of thoſe who ex- 
plain the Rain-bow in the manner which we juſt now con- 
futed) firſt in the Water which is ſcattered about in the 
Air, by a Fountain or out of one's Mouth, in a Place 


(1) That this Breadth, &c.) This we eannot ſee them of ſo great 2 
is a very great Miſtake. For the Breadth. See above, Art, 6. But 
outmoſt or firſt Rain-bow, is really it was very eaſy for a Perſon to make 
above two Degrees broad, and the this Miſtake, who was ignorant of 
inner one above four Degrees ; but the different Regs of the ſe⸗ 
the Colours in the extreme Parts of veral Colours. 
the Rain-bows are ſo obſcure, that 


oppolite 
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oppoſite to the Sun : for in both theſe Caſes, every Body 

ſees the Bow in different Drops, and refers it to different 

Places. S0 likewiſe in very great Rains, cauſed by the 

Diſſolution of the Clouds, it a Rain-bow appears, and we 

can apply the Horns of it to any thing that is fixed, we 

ſhall find it change its Place as we move backwards or 

forwards ; And this gave Occaſion to this Saying ; That 

the Rain-baw follows thoſe who flee from it, and flees rum 

theſe that follow it. | | A + 4 
23. The Bigneſs of the Rain-bow is more or leſs, as 2, be 


Rain- boww 


more or leſs of the conick Superficies is above the Surface j, +4 


| of the Earth, at the Time of Obſervation ; And this Por- Circle fo 


$34 s F much the J 
tion is fo much the leſs (1) as the Inclination of the Axis . 8 


Viſion to this Surface, is greater; now this Inclination 1 6igher 
is ſo much the greater as the Sun is higher; The higher 4% e ce 
therefore the Sun is, the leſs is the Rain- bow. NY 

24. It is evident, that if the Sun be more than forty 24. Why a 
one Degrees, and forty fix Minutes elevated above the Ho- N b 
rizon, then the Superficies of the Cone, in which thews:: _ 
Rain-bow ought to be ſeen, muſt enter into the Earth at che Sun is 


a little Diſtance from the Eye: Whence it follows, be- de 


certain De- 


| cauſe there are no Drops of Rain in the Place where they pg... above 


would appear coloured, and this Place is not viſible, be- the Hwiz a. 
ing within the Earth ; that therefore there can be no prin- 
cipal Rain-bow ſeen at all. br che 2 
25, Further; if the Sun be never ſo low, even in the 25: * the 
Horizon, it is impoſlible to ſee any more than a Semicir- Geo fone 
cle of a Rain-bow, if we look upon it from a Plain; be- Plain, can 
cauſe its Center is always in the Axis of Vifton ; which 7"**" oPpeas 
Axis is then upon the Superficies of the Earth, and not phy", rn 
the leaſt elevated above it, unleſs you reckon the Height 
of the Spectator's Eye, which is very inconſiderable, eſpe- 
cally if the Rain, where the Bow. is, be at any Di- 
ance, 4 
26, There is no doubt but if when the Sun is in the 26. H 4 


Rain bow 


Horizon, the Spectator were at a very great Height above g ef 

it; as, for Example, upon the Top of ſome very high as errwre 

Tower; that then the Height of the Axis of Viſion, in Ce may 
; , peſſibiy be 

which the Center of the Rain-bow is above the Horizon, as. 

would be conſiderable (compared with the Bigneſs of that 

Circle, part of which the Rain-bow uſes to be) and ſo more 

than a Semicircle would be ſeen. And we may ſuppoſe the 

Tower ſo high, and the Rain ſo near the SpeQator's Eye, 


that he may ſee a Rain-bow conſiſting of an entire Circle. 


(1) Ar tbe Inclination, &c.) That Perpendicular with the Earth, a very 
„is more elevated, or nearer to a wurvſual Senſe of this Word. 


vos. II. Q 2 27. And 


* may appear 
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27. And if at the ſame Time, ſome Cloud ſhould hin- 
der the Rays of the Sun from falling upon the upper Part 
inverted. Of the Circumference of this Circle ; then the lower Part 

only would be ſeen, and the Rain-bow would appear in- 
verted. Such perhaps thoſe have been that are mentioned 
by ſome Authors as very extraordinary Things. | 
28. Another 28, What I have now ſaid does not hinder but that a 
wy of fer Rain-bow may be ſeen inverted by ſome other Means; 
+ *.onr. For if, when the Sun is above forty one Degrees and forty 
ad, fix Minutes high, its Rays ſhould fall upon the Superficies 
of ſome large ſmooth Lake, in the Middle of which we 
ſuppoſe the Spectator's Eye to be; and at the ſame Time 
there ſhould fall ſome Rain in that Part of the Air to 
which the Rays are reflected, it would be the ſame Thing 
as if the Sun ſhined below the Horizon, and the Axis of 
Viſion extended it felf upwards : From whence it follows, 
that the conick Superficies which determines the Drops 
that ought to appear coloured, will be entirely above the 
Surface of the Earth; but becauſe the whole Clouds poſ- 
ſeſs the upper Part of that Superficies, and the Drops of 
Rain the lower Part only ; it is manifeſt, that an inverted 
Rain-bow only can be ſeen. 


27. How a 
Rain bow 


23. hy « 29, Here we ought to remember, that we are not capa- 
N. ble of conceiving diſtinctly in our Minds, the Images of 


exaftly great Diſtances, but that all Objects beyond a certain 
round, Limit, appear at the ſame Diſtance; and this is the 
Reaſon why there are an infinite Number of Objects, at 
unequal Diſtances from us, which yet we judge to be all 
equally diftant from us ; Thus, though the whole Su- 
perficies of a great many Clouds together, is very une- 
qual and like Waves; and the different Parts of this Su- 
perficies are very unequally diſtant from the Place where 
we are; yet we generally imagine it to be one ſingle con- 
cave ſphærical Superficies, of which our Eye is the Cen- 
ter, and we place in it a great many other Objects which 
are much below it, as the Tops of Steeples, and the Birds 
which fly in the Air: Now this Miſtake, or rather De- 
fect in our Imagination, makes us think that the Colours 
in the Rain-bow are placed in the ſame Superficies, and 
30. Der Conſequently we judge them to be further off, larger, 
there in 0 and more exactly round than they really are. 
— of 30. Hence we fee, that though the Broke of Rain are 
in the Pla abſolutely neceſſary in order to produce a Rain-bow, 
whore the FO it may happen, that there may fall none in the Place 
17 mug where we imagine the Rain-bow to be. 


Y 1 31. But 
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31. But I muſt not forget, upon this Occaſion, to take 3!- E 4 


Notice ; that if the Drops of Rain that ought to appear 


coloured, do not happen to be directly againſt a Cloud, e Aa- 
but againſt ſome other Objects which the Spectator's Eye . 


is fixed upon; he will imagine that he ſees a Rain · bow 
painted upon thoſe Objects: And thus I have ſeen ſome 
painted upon the Sides of Mountains; and a Friend of 
mine, being not long fince upon a very high part of the 
Alps, and looking down into a Valley over againſt him, 
where it rained yery hard, and the Sun, which was at a 
great height above the Horizon, and on the oppolite Side 
to the Rain, ſhone upon the Drops ; ſaw a very vivid 
Rain-bow, which he believed to be upon the Graſs in a 
Meadow below the Rain, 


32. Nor ought I to paſs over in filence a very re- 32. of 
markable Qbſervation, which is this; that, whereas we ther extrars- 
have hitherto conſidered the Drops of Water as falling — 
in the Air, and ſucceeding each other in thoſe Places 


where they ought to appear coloured; we may alſo con- 
ſider them, as fixed in ſome Places, where they may con- 
tinue very nearly round: Thus, a very ingenious Perſon 
walking upon a Bank one Morning, faw on ane Side of 
him, upon the Graſs, in a large Meadow juſt by, a Rain- 
bow, which ſeemed to change its Place and to go alon 

with him ; which he was the more ſurprized at, becau 

it was very clear and no Cloud to be ſeen any where, But 
his Surprize ceaſed, when upon examining the Herbs in 
the Meadow, he found almoſt all the Leaves covered with 
Drops of Water, like thoſe of New, which he imagined 
were cauſed by a very thick Miſt falling, with which the 


Air was filled but a little before: For, he not being unac- 


quainted with the foregoing Explication, rightly judged, 
that it was theſe Drops of Water which were the Occa- 
ſion of the Rain-baw being ſeen ſo long as they remained 
upon the Herbs : And he yery well knew, that this Bow 
ought to appear inverted, as indeed it did ; becauſe it was 
only the lower Part of the conick Superficies which ſur- 
17 the Axis of Viſion, that paſſed through the Drops 
of Water. 


33. Further; That there may remain no doubt but that 33. * 


the exact Roundneſs commonly obſerved in a Rain-bo, 


depends, as was before ſaid, upon this; that we imagine inclined. 


its Colours to be painted upon a Superficies, which, we 
believe to be in every Part equally diſtant. from us; let 
us conſider, that if x & Rain which cauſes the Rain-bow, 
falls ſo near to us, that we can perceive the different Dis 
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ſtances of the Drops and Clouds or any other Objects be- 
yond it, upon which we imagine the Bow to be painted; 
then the Rain- bow will not appear ſo regular, but we ſhall 
perceive a great many Sorts of Inequalities. For Example, 
if the Wind blows it towards us, ſo that the lower Dr 
are nearer us than the higher ones; then the Horns of the 
Rain-bow will appear to be not ſo far off as the Arch, 


and conſequently. the Bow will ſeem inclined to the Ho- 


rizon. 
34. How the * 


Jlorns of a 34. And if the Rain be terminated on the Side of the 
Rain-bow Spectator in a Plane ſo inclined to the Axis of Viſion, as to 
5 make an acute Angle on the Left-Hand, and an obtuſe 


ferent Di- one on the Right; the conick Superficies, which deter- 


Hanc es. mines the Drops of Rain that ought to appear coloured, 
muſt neceſſarily interſect thoſe Drops in ſuch a manner, 
that thoſe which are on the Leſt Hand, will be much 
nearer to the SpeQator (1) and to the Axis of Viſion, than 
thoſe on the Right : And becauſe theſe two Sorts of Drops 
form the two Horns of the Rain- bow, they muſt neceſſa- 
rily appear at unequal Diſtances : And becauſe the Center 
of the Bow, is that Point which is equally diſtant from 
each Horn, therefore we cannot but imagine it to be out 
of the Axis of Viſion. N 

35- Of ether 35. In the ſeveral Sorts of Irregularities hitherto menti- 

drrepulari- Ee . 

tres in 16: Oned, the Drops of Rain are ſuppoſed to be always exact h 

Rain-brw. round, as they generally are; but if they be ſuppoſed to 
be made flat on any Side by the Wind, it is eaſy to ima- 
zine that there may be produced other Sorts of Irregu- 
larities than any that have been hitherto taken Notice 
of, 

*6. Hwa 36, If we add to this; that the Rain-bow muſt appear 

8 broken in ſome Places, if it ceaſes to rain there, or if the 

tines oxprar Rays of the Sun arg: by any means hindred from going 

beten, thither; and that on the contrary, ſome of thoſe Breaches 
Which appear in ſuch Places, may be filled up again, 
when it begins again to rain there, or when the Rays, which 
Were bindred by the Interpoſition of forme Cloud, get 


(1) And 19 the Axi: F Viſion, &c.) the Axis ef Vijin, as the Avthor here 
Imagine 'fuſt the Axis of Villen to imagines: Th's being ſuppoled; be- 
be perpend:cular io the Plane of the cauſe thi fe Angier of thete Triangles 
Raid-bow3- and ſuppoſe two right which are next the Eye, muſt remain 
antziled Tra- gles, one on the right alwzys the fame 3 (wiz forty thre: 
„Hand and the other on the left, the Degrees in the fame inner Bow) 
1 t6 each of which is the therefore, when the Bow is thus it 
- Ax13 of Viſion, and the Baſe to each, elinen, the Baſe of the r'ght Hand 
Half the Diameter of the Bow. Then Triangle: muſt appear much longer, 
let the Plane of the Bow be inclined to tl an that ot tle leit Hand Triangles 
©: les HS as 

i o 1 
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thither again; there will remain no one Circumſtance of 
this Phænomenon, though never ſo inconſiderable, but 
a very evident Reaſon may be given for it (1). 

37. I ſhall here put an End to this third Part; tho 37- Thar ons 
I cannot fay that it is compleat : It takes in ſo many . 7 
Things, that it is impoſſible for any mortal Man to ex- chin — 
plain them all: And the greateſt Part of thoſe which re- may 4 addee 
main to be accounted for, depend upon ſo many particu- p -* wat 
lar Circumſtances, ſome of which require a great deal 
of Study and Application, and others cannot be found out 
but by Chance; that when I ſhall have put my laſt Hand 
to this Work, and have explained all thoſe other Things 
which ſhall hereafter come to my Knowledge; there will 
ſill remain enough to exerciſe thoſe who come after, 
for many Ages. But though what remains yet to be done, 
is almoſt infinite, and therefore what I have ſaid bears no 
Proportion to what may be ſaid hereafter; yet I think it 
is ſufficient for me, if the Principles which I have ad- 
vanced and eſtabliſhed, be ſuch, that without changing 
them, we may be able ſtill to go on in the Way of diſco- 
vering Truth. Wherefore I ſhall now proceed to ſay 
ſomething of the Animal Body, and try if theſe Principles 


will not help us to ſome Knowledge of that, 


(1) Concerning what remains fur- mous Sir Iſaac Newton's Opticks, 
ther to compleat this Theory, viz. p. 156 and 290. And Hugen's Poſt. 
to explain Parbelia, and thoſe Circles humous Works, 
which they call Haſo's, See the fa · 
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TREATISE 
Natural Philoſophy. 


OF THE 
Animated or Living Body. 
Ea © CI EE ED E009 £9 09 C9 £9 O09 


CHAP; I. 
07 the 7 bings contained i in this Fourth Part. 


H O UG this Term Animated Body 


— nd fs 3-5 85 be extended as well to Plants as 
Bedy. 92 


oY Ammals, yet I ſhall now-reſtrain it to 
the Latter, And becauſe there are 
Dan infinite Number of Species of 


2 dates © } theſe, it is an impoſſible Thing to 
attempt to treat of every one of them 
in particular; I ſhall therefore con- 
tent my . it y. ch diſcourſ n upon the humane Bedy on- 


Ve 


HY 
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, which we are more concerned to underſtand than: 
| other, Fhough this does not hinder, but that what I 
| ſhall fay, may be applied to the Bodies of other Animals, 
and may help to explain ſuch Properties as the greateſt 
Part of Reaſts have in common with Man. 
2. The Knowledge that can be gained upon this Sub- 2 of 
ject, is of two Sorts ; ſuch as may be acquired by the Kanukdge. 
Help of our Senſes ; and ſuch as may be acquired by the 
Help of our Reaſen: And we may affirm, that the latter 
does in ſome Meaſure depend upon the former; for it is 
certain, that that which falls under the Notice of our 
| Senſes, is a Sort of Rule or Foundation for our Judgment 
* in what does not fall under the Notice of our Senſes, Where- 
fore that I may proceed in a right Method; I ſhall begin 
with thoſe Parts, which do fall under the' Notice of our 


Senſes. | 
\ | 3. Theſe Parts are alſo of two Sorts - For fome of 4. Of xv 
them are external, and offer themſelves immediately to — of. | 
i our View; others are internal, and cannot be ſeen with- _—— 


out ſome foregoing Preparation; ſuch as thoſe which are the Maric of 
diſcovered by the Diſſection of a dead Body, There is no f Seer, 
need of enumerating the former ; for every one knows | 
that there is a Head, Arms and Breaſt, &c, in a Body. 
Every one knows alſo, that a humane Body conſiſts of a 
great many different Parts, ſome of which may be divided 
into other ke Parts, or Parts of the ſame Nature; theſe 
Phyſicians call /milar Parts, ſuch as the Fab. Others 
may be divided in unlike Parts, or Parts of a different Na- 
ture; theſe they call diſſimilar Parts, Thus the Hand, 
which may be divided into Fleſb, Bones, Nerves, Tendons, 
j &c. which are Things of a different Nature, is a diſſimi- 
| lar Part, So likewiſe every one knows, that there are 
ſome Parts of the Body which we make uſe of as Inſtru- 
ments to perform certain Actions, which we could not 
perform without them ; as, for Example, we uſe the 
Hand to write with ; theſe Parts arecalled Organical Parts. 
It is evident alſo, that there is no Part ſo inconſiderable, but 


| 
| 


y that its aper, lower, middle, and fide Parts may be aſſigned. 

8 4. They who treat too largely and intently upon ſuch 4. Thar 

0 Things as theſe, as if they were of great Moment and — Tens 
e Concern, do more Miſchief than they were aware of; bie "5 
f for they thereby vitiate and corrupt the Judgment of a improper #- 


0 great many who make a Science of Vords rather than of A. " 
n Things, By this Means they accuſtom themſelves to talk 
- on a great while together without any View, and yet they 
e id nothing but what all the World knew before, 

| except, 
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except, perhaps, that they have uſed a great deal of affec- 
ted Jargon, which may indeed gain them ſome Credit 
amongſt ignorant People, but which cannot but render 
them contemptible to thoſe who have any good Judge- 
ment in diſtinguiſhing betwixt the Sound of Words, and 
the Reaſon of Things. 
; Grow 5. Leaving therefore the external Parts, I ſhall treat 
be expet:4 principally of the internal ones, But I would have the 
frem this Reader take Notice here; that the Deſcription which I 
Treatiſe ſhall give of ſome of them, is not ſo much to inform thoſe 
who have never ſeen them; as to bring them again into 
the Minds of thoſe who have before obſerved them in a 
dead Body, or at leaſt, have conſidered them in the Bo- 
dies of ſome Animals, whoſe internal Parts are like thoſe 
of a Man; for it is very abſurd to think that any Diſ- 
courſe, be it ever ſo particular and clear, can inform fo 
much, as can be diſcovered almoſt in a Moment by 
looking upon the Subject. 
6. The Res- 6. i might indeed have mentioned the Bones amongſt 
8 wy de- the Number of thoſe Parts which ought to be treated 
been feid of diſtinctly; for they are hid under the Skin, and cannot 
about the be diſcerned by the Eye: But becauſs I do not under- 
N. take to ite a compleat Treatiſe upon this Subject, but 
only conſider it with ſome particular Views, which will 
afterwards appear; and becauſe we can know by our 
Feeling only, how the Bones are made, and where they 
are placed ; after we have once obſerved them in a Ske- 
Jeton, where we ought to take Notice in the firſt Place 
of their particular Figure, and of the Manner in which 
they are connected together; therefore I ſhall forbear 
ſpeaking of them in this 'T reatile, 


CPD W 0 Ee 208 88 


S. 


A general Deſcription of the larger Parts contained 
in a humane Body. 


„ ene. FP HE Bone of the Head, which is called the Scull, 

Bram, 1 is full of a ſoft white Subſtance which they call the 
Brain, and which extends it ſelf, as it were in a Chan- 
nel, all along the Back-Bone, which the Phyſicians call 
the Vertebræ to which the Ribs are fixed. 
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2. The Scull does not touch the Brain immediately, 2. Of cbe 
but the Brain is covered with a very ſtrong Membrane, ;ragy +4... Au 
which is called the Dura Mater, under which there is 8 
— another thinner Membrane, which they call the Pia 

ater. | 

3. The Trunk of the Body, or that part which is be- 3. f te 
twixt the Neck and the upper Parts of the Thighs, con- . 
tains within its Cavity a great many very different Sorts and rbe _ 
of Parts. The upper Part of this Cavity, which is call- Heart. 
ed the wpper Belly, or the Breaſt, contains the Lungs, 
which are divided into a great many Lobes, and appear 
to ſurround a Membrane, called the Pericardium, being 
in the Shape of a Purſe, containing the Heart, together 
with a Liquor in which jt ſwims, very much like Urine. 

The Heart is faſtened to the Vertebræ by Ligaments 
which reach from the Baſe of it thither, in ſuch a man- 
ner that the Point of it inclines a little to the left Side. 

4. Beneath the Lungs and Heart, in the Place where 4. of the 
the upper Belly ends, is the Diaphragm, which is a very Pi-pbrogme 
thick Membrane, dividing the upper Belly from the lower 
one, and is ſo fituated, that when a Man ſtands upright, 
it is like a Level, which neither inclines to one Side nor 
the other, 

5. Below the Diaphragm, on the right Side, is the f. Of the 
Liver, in the lower Part of which is the Gall-Bag ; and my 2 
on the left Side is the Spleeu. Spleen, 

6. However, about twenty Years ago, I ſaw a dead & 4 r, 
Body, in which theſe Parts had a quite contrary Situa- — 
tion; the Liver was on the left Side, and the Spleen on che Liver 
the right; which is ſo rare a Thing, that it has never * Spicen. 
been obſerved before. | 

7. Betwixt the Liver and the Spleen is placed the Ven- 7: Of the 
tricle, which receives all that we eat and drink, carried — 
thither through a Channel, called the Ozſophagus or 
Threat, which lies along the Vertebræ. 

8. The Ventricle has two Holes in it, one to receive +. if th 
the Victuals in at, and the other to let them go out: And price. 
at this Part, which is called the Pylorus begins the [nte/- 
tines ar Guts, which after ſeveral Windings and Turn- 
ings, end at that lower Hole, out of which the groſs Ex- 
cremefits of the Body come. | 

9. Properly ſpeaking there is but one Inteſtine; but as 9. Of eb. 
a long Street has ſometimes ſeveral Names given to dif- 3 
ferent Parts of it: ſo this long Inteſtine, is in imagination 
divided into ſeveral Parts, which Phyſicians any +3: 
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different Names to: The firſt Part which joins' imme- 
diately to the Ventricle is called the Duodenum; the ſe- 
cond is called the Fejunum ; the third, the Jteon ; the 
fourth, the Colen; and, which might be called the fifth 
and lait, the Rectum But betwixt the Ileon and the 
Colon, is a Gut, the Bottom of which is ſtopped up, 
like a Street which has no Paſſage through it, and this is 
called the Cæcum; fo that there are reckoned fix Inteſ- 
tines; "The firſt three are called the ſmall or lender Guts, 
and the three other are much thicker. 

10. All the Inteſtines look at firſt Sight as if they 
floated about in the Body, without being faſtened ; but 
by taking hold of them, we find that they are faſtened to 

a certain Membrane which is called the Meſentery, and 
which is fixed to the Vertebræ. | 
11. Of the II. Belides theſe, the lower Belly contains the two 
Reins and Neins or Kigneys, which are fixed to the Vertebræ, and 


10. Of the 
Meſentery. 


uw the Bladder which is the Place that contains the Urine. 
— — 4 of 12. It is proper to conſider all theſe Things thus gene⸗ 


tbe Body Tally, not only before we come to a particular Examina- 

ere fie to tion of them, but before we come to the Conſideration 

be canſidered. of ſome other Things, which are not ſo eaſily diſcovered ; 
becauſe that by having gained a genera] Knowledge of 
the Order * Diſpoſition of all theſe Parts, we may 
form to our ſelves at firſt a general Idea of the whole 
Machine of a human Body, which is the Object of our 
Inquiry, I come now to thoſe Things which require more 
Application, and a more exact Deſcription. 


CCC 111 


C HAP, II. 
Of the Brain, Nerves, and Muſcles. 


* 
3. 6% the HE Brain is divided into two Parts ; the Fore-pars 
Fran end + and the Hinder-part. The Fore-part which is much 
2 larger than the other, retains the Name of Brain, and the 
4 Hinder-part is called the Cerebellum, In the Subſtance of 
the Pore: part there are two Cavities ſo ſituated, that they 
have a Communication with a third, which is in the 
Hinder-part ; and above the Channel, by which this Com- 
munication is made, there is a ſmall Gland called the 
pr Ob oh a Cauarium; 


ad 2 — * 
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Comarium ; which is faſtened by its Baſe to the Subſtance 
of the Brain, of which it ſelf is a Part, and its Vertex 
ſeems to be ſuſpended in the Middle of all the Cavities. 
This ſmall Gland is very remarkible, on the account of 
its great uſe to many Purpoſes, and particularly for this, 
that though all other Parts of the Brain are double, this 
alone is ſingle. PE 4 
2. When in diſſecting a dead Body we endeavour 10 f. — 
take the Brain out of the Scull in which it is contained, of NMervrs. 
we find it hindred, firſt, by the Dura Mater, which 
ſticks to the Scull in ſeveral Places; ſecondly, becauſe 
there goes from the Brain ſeven Pair of Nerves to diffe- 
rent Parts. The two Optick Nerves, which we ſpoke of 
towards the Concluſion of the firſt Part of this Treatiſe, 
make what the Phyſicians call, the 7 Pair: Thoſe 
which end at the Muſcles of the Eyes, are the ſecond 
Pair : Three Pair go towards the To igue, the third, 
fourth, and ſeventh + That which goes to the Ears is the 
fifth ; And the ſixth is that which deſcends through the 
Neck, and is ſubdivided into a great many ſmall Nerves, 
which end at different Places, ſome at the Lungs, others 
at the Heart, Ventricle, Liver, Spleen, Inteftines, and 
other Parts of the upper and lower Belly, | | 
3. We ſee alſo a great many large Nerves, which come 3. Of _ 
out of that Part of the Brain, which. is contained in the 4, Bay. 
Vertebræ, and extend themſelves to all the Members of 
the Body; 
4. All theſe Nerves as well as the foregoing ones, are 4. / the 
every one of them wrapped up in two very ſtrong Mem- wp IVY 
branes, which ſeem to me to be only the Dara Mater, Nerver 


and Pia Mater continued. 


5. The internal Subſtance of the Nerves, which may 14 — 
be called the Marrow of them, conſiſts of an infinite oh 
Number of very fine Capillaments, which at length ſepa- 4 of the 
rate from each other, and diſperſe themſelves to all Parts Alu. 


| of the Body, till they become inviſible, and are entirety 


out of the reach of our Senſes, But a great many of the 

Nerves divide and diſperſe themſelves in ſuch a manner, 

that, after the Capillaments of which they conſiſt, are as 

it were, mixed and blended, with ſome Parts of the 

Fleſh, which Mixture compoſes what they call a Muſ- 

cle, they then unite together again and make a Tendon, 

which generally is faſtened to ſome Bone, 8 
6. Mr. Steno, a foreign Anatomiſt, has lately obſerved, Copillamence 

that the Diſpoſition of the Capillaments of a Nerve which / 60. 


Nerves are 


meet together in order to form a Muſcle, is very nearly ,,,,.;z,. 


ke My . 
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Tab. XVI.” like what you ſee repreſented in the Figure; where AR 


Fig. 2. is the Nerve, BECF the Body of the Muſcle, and CD 


the Tendon. This being the Diſpoſition of the Capilla- 
ments of the Nerve, to which the Fibres of the Fleſh 
correſpond, it is very evident, that if the Interſtices 
GHILM be filled all at once with ſome very fine Matter 
like Air; ſuch as ſhall afterwards be more particularly 
deſcribed, and which Phyſicians call Animal Spirits, the 
Capillaments, ſuch as that repreſented by EC, muſt be 
very much inclined to ſuch Capillaments as that marked 
BE ; and there will be a ſmall Interval between B and 
C. But if the fame Interſtices GHILM be empty, 
then the Capillaments, ſuch as EC will grow ſtreight 
again, and get cloſe to each other, and ſo by falling di- 
realy in with thoſe that are like BE, they will make 
the Cp betwixt B and C larger. 
7. Of te 7. It may be obſerved here, that the Place of the 
f Nerve marked B where the Muſcle begins, is called its 
Muſcl, Origin, and the Placed marked D, where the Tendon 
is fixed to a Bone, or any other Part of the Body, is cal- 
led its Inſertion, 


We e CARIES e d b c 0 III 
e 
Of the HEART. 


1. Of the TH E external Shape of the Heart is what no Body was 
Fibres of ever ignorant of; ſo likewiſe has it been always 
the Hearfe Known, that the Fleſh of it, is the firmeſt, the moſt ſo- 
lid, and the hardeſt to be pulled in Pieces, of any of the 
whole Body. But it is very lately, that a curious Ana- 

tomiſt, ( who thought of boyling a Heart, in order to the 

better and more eaſily finding out the Diſpoſition of its 


Parts) obſerved that the Fibres of its Fleſh are diſpoſed 
two different Ways, ſo that thoſe which are on the out- 
fide go in the Form of a Screw from the Baſe to the 
Point; but thoſe on the in- ſide go more directly from the 


Baſe to the Point. 


2. What 2. Now this different Diſpoſition of the Fibres of the 
Sorr of Me- Heart, may reaſonably make us think, that the Heart is 
—_— „ a double Muſcle, ſo compoſed, that if the Interſtices which 
capable of, are betwixt the Fibres which go in the Form of a Screw, 
are filled all at once with a very liquid Matter, it muſt 

grow 
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grow longer and narrower ; but if theſe Interſtices be 
empty, and thoſe which are between the Fibres on the 
in- ſide, be filled; it muſt grow wider and ſhorter, 

3. There are two Cavities, or hollow Places inthe Heart of o . 
which are ſeparated from each other by a Piece of Fleſh — 1 
called the Septum Medium, or middle Partition. One of 
theſe Cavities is on the right Side, and the other on the /ef?. 

They are each of them longer than they are broad; but 
the left Cavity is manifeſtly longer than the right one. 

4. Each of theſe Cavities have two Holes at the Baſe 4. of BY 
of the Heart; at the Entrance into which Holes, there Aprreure: of 
are particular Membranes fo placed, that they will open 2% 
and ſhut like Doors, though but one Way only; One 7atves. 
of the Holes of the right Cavity, has three of | theſe 
Membranes or Valves, fo placed, that they will eafily 
open to any Thing that would enter in; but ſhut them- 
ſelves when any thing offers to come out : "The other 
Hole has three Valves alſo, but placed the contrary Way 
to the former, ſo as to permit any thing that is within 
the Cavity to come out eafily ; but reſiſt any Thing 
that would getin. One of the two Holes of the left Ca- 


vity, is not round like the reſt, but oval, and has two 
Valves ſo placed as to open, when any Thing offers to 


enter into the Cavity, and to ſhut when it would go out; 
The other Hole has three Valves placed contrary to theſe 
laſt two, and will open to let any Thing, which is in 
the Cavity, go out, and ſhut to hinder any Thing from 
entering in, 


PE OEPEEDEPEPEEODDPODDLY 


HA.. . 
Of the Veins and Arteries. 


TH ERE is ſcarce any Part of the Body but the Blood 1. f the 
will come out at it if it be pricked ; but there are on _ 
ſome Veſſels from which the Blood will flow in a large 
Quantity, if they be opened: Theſe are like ſo many 
Channels to carry the Blood backward and forward ; 
ſome of them conſiſt of a very thin Skin which can eaſily 
be contracted, and we meet with a great Number of 
them under the Skin that covers the whole Body ; theſe 
are called Veins ; The other, which are compoſed of a 


very 
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very thick Skin, and don't lie ſo near the Superficies of 
the Body, are called Arteries. 

2. Thatthe 2. The principal Veins and Arteries of the whole Bo- 
be dy are four, which are inſerted into the Baſe of the 
Arteries end Heart, and ſo end at the four Holes which we juſt now 

= = —— mentioned. . 
ar Y; "<a 3. The Veſſel which ends at that Hole of the right Ca- 
Vina Cava, vity of the Heart where the three Valves are ſo placed as 
to let any thing enter in, is the Vein called the Vena Ca- 
va. It is hardly got from the Heart before it runs in a- 
mongſt the Vertebræ, and is divided into two Branches 
which lie almoſt directly againſt each other. One of theſe 
goes upwards, and is again divided into an infinite Number 
of Branches which reach to the Arms and other fuperiour 
Parts of the Body, and is therefore called the Vena Cava 
aſcendens. The other goes downwards, and is alſo ſubdi- 
vided into a very great Number of Branches which extend 
themſelves to the Thighs and other lower Parts of the 
Body, and is therefore called the Vena Cava deſcendens. 
Thus all the Veins of the Body, except thoſe of the 
Lungs and Heart, depend upon the Vena Cava, or are 

like Branches of which the Vena Cava, is the Trunk. 

| That th, 4+ Some have excepted the Veins of the Meſente 
ein of the alſo 3 But becauſe theſe unite in one Veſſel; which is cal- 
Meſentery led the Vena Porta, which is inſerted into the lower Part 
T d. Vena Of the Liver, out of the upper Part of which comes the 
Cava, Nam Hepaticus, which is united to the Vena Cava 
below the Place where it enters into the Heart ; therefore 
the Veins of the Meſentery may be looked upon as 

Branches of the Vena Cava, 7 2 
g. Of th 5. The Veſſel that ends at the Hole of the right Ca- 
end Arte- vity of the Heart, where the Valves are ſo placed as to 
224 open to any thing that would go out, is an Artery, 
which enters into and ſpreads it ſelf all over the Lungs, 
and is there ' ſubdivided into an infinite Number of 
Branches of different Bigneſſes. The Antients gave the 
Name of Jena Arterioſa to this Veſſel, becauſe they were 
prepoſſeſſed with this Notion, that they were only Veins 
that ended at the right Cavity of the Heart, and that all 

the Arteries ended at the lett Cavity, 

6. of the , ©- The Veſſel which is at the left Cavity of the Hegrt, 
Amis the two Valves of which will permit any thing to enter 
Veneſa. into that Cavity, is the Vein, which the Antients by the 
ſame Miſtake as before, called the Arteria Venoſa, the 
Branches of which are alſo diſperſed amongſt the Lungs 


7. The 
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f 7. The fourth Veſſel, which is at the other Hole of 2, Of be 
the left Cavity of the Heart, where the Valves are ſo 4. 
placed as to let any Thing go out, is an Artery called the 

Aorta or Arteria-magna, It enters in amongſt the Ver- 

tebræ juſt by the Heart along the Side of the Vena- Cava; 

and its Trunk, like that of the Vena- Cava, is divided 

F into two Branches, which are ſubdivided and run in little 

8 Branches to all Parts of the Body in the ſame manner as 

4 the Vena-Cava does, 

* 8. Some Phyſicians have pretended to determine the g. of be 
5 Number of Veins and Arteries; but they could do it Number of 
e only in thoſe which are the moſt ſenſible ; beſides which . 

r there are an infinite Number almoſt, which they call 

i Capillary. And it ſeems very probable, that it is from 

4 ſome of theſe Veins that the Blood comes when any Part 

js is pricked : From whence it follows, thar the Blood is 


„ 


d always contained in ſome Vein or in ſome Artery. 

e 9. The Antients taught, that there were a great many , fis. 
7 Places of the Body where the Veins and Arteries had a Anftomoſer, 
ec Communication with each other : Theſe Communicati- 

e ons are what all Phyſicians call the Auaſtamaſes, ſome of 


which are to be ſeen ſometimes upon the Superficies of 
the Lungs : But, as tothe reft, which are a vaſt Num- 
x ber, as ſhall afterwards be ſhown, we may venture to ſay 
rt that the Antients only gueſſed at them; the Foundation 
E which they went upon being very weak, not to ſay ab- 
a ſolutely falſe ; viz. There are, fay they, Auaſtomoſes, 
re that the Blood may paſs out of the Arteries into the Veins 
as to give Life to them, and at the fame time, that Blood 
wie may paſs out of the Veins into the Arteries to afford 
4. them Nouriſhment. 
to 10. An Engliſh Phyſician, whoſe Name is Harvey, has 10. f the 
Vs lately diſcovered, that in a great many Places of the 1 
s, Veins, but eſpecially where any Vein divides into two } 
of Branches, there are little Valves to be found, which are 
he ſo diſpoſed, as eaſily to open and afford a Paſſage to a 
re Probe thruſt into the Vein, and puſhed from the extreme 
ns Parts of the Body towards the Heart; but they will re- 
all ſiſt the ſame Probe, if we try to thruſt it the contrary 
way; viz, from the Heart to the extreme Parts of the 


rt, Body, 
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e. 
Of the Lafteal and I,ymphatick Veins, 


— ts - - HESE two Sorts of Veins were then found out, 
Precautions when live Animals were begun to be diſſected. And 
Hep there is ſome Precaution neceſſary in order to diſcover 
order to ſee 5 > 
the acta! them. For the Animal muſt be made to eat two or 
Veins, three Hours before the Diſſection is performed, other. 
wiſe the lacteal Veins will be empty and not to be ſeen, 
+. obe 2. Theſe Veins were firſt diſcovered by Aſelius, and 
Juice con- he called them lacteul, becauſe they are white and con- 
2 tain a white Juice in them: They ſpread themſelves all 
eee L over the Meſentery, and mix themſelves with thoſe Veins 
which they juſt now ſaid were Branches of the Yena- 
Porta And if they be pricked, we ſee a Juice as white 
as Milk come out of them, which they receive from the 
Inteſtines, where we find the Extremities of their very 
ſmall Branches begin. 
3+ Of the 3. We alſo find ſome Valves in them, as in the other 
a, Veins of the Body, which are fo ordered as to permit 
Ying the white Liquor to run from the Inteſtines, but not back 
in to them, | 
4. Of te 4. A Phyſician of my Acquaintance (Mr. Pecguet ) 
— „ has added to this Diſcovery another kind of Receptacle 
— te © Which is fixed to the Vertebræ a little above the Kidneys, 
Channel of which he has often ſhown me full of a Juice like that 
che 19> the lacteal Veins are filled with. He alſo was the firſt 
that obſerved a Duct which goes along the Vertebræ from 
this Receptacle to the Place where the Subclaviary Veins 
join with the Yena-Cava, 
> Of ce [i As to the lyniphatick Veins, we cannot certainly 
lympbatick tell who firit diſcovered them. I'hey are to be found, 
Vens, and 1yith a great deal of Trouble, in the Fleth of a live Ani- 
eee e mal. And though the Liquor contained in them, looks 
them, very much like Urine, yet it is certain that it has none 
of the Properties of it. For if it be put upon the Fire 
in a Spoon, it will grow thick and hard like the white of 
an Egg, which Urine will not do. 
6. Of tb» b. Wedo not know all the Turnings and Windings of 
Valves ef the lymphatick Veins, nor how they are diſperſed : But we 


ang "ue 4 obſerve Valves in them ordered like thoſe in other Veins, 


CHAP, 
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CHAP. VII. 
Of the Tongue and ſalival Ducts. 


ut, AL L, both Antient and Modern, who have treated of 7. . ebe] 
A the Anatomy of human Bodies, have conſider'd the — * 
ver Tongue as a Muſcle : But it is but lately that the Struc- 
or ture of it was known. They who in our Days have had 
er- both Curioſity and Induſtry enough to make Enquity 
n. into this Matter, have diſcovered in a boyled Tongue, 
and that thoſe of the Fibres compoſing it, which are near the 
on- WW Superficies, reach all the Way from the Root to the Tip; 
al and that thoſe which are within, are placed in ſeveral 
eins Ranks alternately, in which ſome of them go from Top 
na to Bottom, and others go acroſs, Whence it follows, 
hite that by ſome or other of theſe Fibres contracting them- 
the W ſelves, the Tongue is moved all manner of Ways as we 
ery ſee it is. : | | 
2. The Spttle does not fall into the Mouth, by an 2. Of tbe 
her inſenſible Tranſpiration through the Pores of the Gums, 7 | 
mit as all the Antients thought: There has lately been diſco- 
ack vered ſalival Dus, which reſemble ſmall Veins, and 
which end in the Infide of the Cheeks: Theſe Dus 
et ) are large engugh to put in a Hog's Briſtle without arty 
acle Violence; but becauſe they are ſubdivided into leſſer ones 
ys, which become inſenſible, we know not where the O- 
hat rigin of them is. 
irſt 3. The Fluidity of the Spittle, will alone make it run 3. The Ree- 
om into the Mouth; but ſometimes it falls in a greater A- — — 
ein bundance than at other Times: As, for Inſtance, when e eb: 
we chew any dry Victuals, or any Victuals that are ſome- Mouth. 
nly what hard : For then, every time we open our Mouth, 
nd, and our Jaws remove further from each cther, the 
\ni- Cheeks are ſtretched and compreſſed, ſo that they ſqueeze 
zoks the ſalival Ducts, and force the Spittle out of them; 
,one And when the Mouth is ſhut, and the Cheeks reduced to 
their former State again, then they are filled as before. 
4. Now becaufe the Cheeks ate very much compreſled + By mw 
when we yawn, therefore a larger Quantity of Spittle 21 
than ordinary muſt then fall into our Mouths ; and fo our of wr 
we find by Experience, and that ſo manifeſtly, that if — * 
the falival Dutts be very full, it ſometimes flies out of our ,,ua. 
Mouths to a coiifiderable Diſtance. GI 
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CHAP. VIIL 
Of te LUNGS. 


1. Of the AF T E R what has been before ſaid concerning the 
Avteria-aſ- Lungs, there is nothing further neceſſary to be 
2 known: but only to obſerve here, that from that Part 
of the Mouth, where the Roots of the Tongue are, there 
deſcends a certain Channel which is called Arteria-a- 
pera, which is divided into ſo many Branches, that there 
is ſcarce any Part of the Lungs, be it ever ſo ſmall, 
but both they and thoſe of the Arteria-venoſa, and Vena- 
arterioſa, extend themſelves to it. So that it is not 
without Reaſon, that ſome have affirmed, that the Lungs 
are nothing elſe but a Texture made up of the Branches 
of theſe three Sorts of Veſſels. 
5 2 2. The Arteria-aſpera receives the Air which we draw 
Fabr. in by our Breath; and becauſe it conſiſts of a very hard 
and ſtiff. Membrane, it is always full of Air; and this 
is the Reaſon why the Lungs are fo very light or weigh 
ſo little. X 
. How the 3. The Victuals and Drink cannot get into the Throat 
2 bin- without paſſing over the Mouth of the Arteria-aſpera; 
bing from yet notwithſtanding nothing can ordinarily get into this 
falling into latter, becauſe there is a kind of Valve, which they call 
ihe Lurgie the Uvula, which covers it every time we try to ſwal- 
low any Thing. And if it does at any time happen 
that a ſmall Piece of Victuals or a Drop of Drink do fall 
in, we are forced to cough it up again preſently, 


COLETTE EEE DOPE EEEEE 


CHAP. IX. 
Of the LIVER, 


1. Of the \ E do not find any ſenſible Veſſels in cutting the Li- 
Liver, ver ; Which is the Reaſon why we affirm the Li- 
ver to be a Heap of innumerable Veins not to be per- 
ceived, which the Vena-porta divides it ſelf into, = 

: 0 W c 
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which ſeem to be diſperſed in this manner, in order to 
meet again and communicate with the Hepatick Branch. 

2. The Liver, in the greateſt Part of Animals, as 8, HE - 2 
well as in Man, is of a reddiſh Colour, But there are Liver. 
ſome Sort of Creatures whoſe Liver is Green, others 
Yellow, and others of ſome other Colour, 

3. We obſerved a little before, that the Bag of Gall 3: How the 

the WH is placed in the lower Concave Part of the Liver: There 4 

be isa ſmall Tube which comes out of this Bag, and di- diſcharges is 
art MW vides it ſelf into two Branches, one of which bends back /*+ 

ere and returns into the Liver again; but the other, which 

aſ- zs called the Meatus or Canalis Choledochus, inſerts it ſelf 

ere into the Beginning of the Inteſtine called Jejunum, 

all, W where it makes the Gall diſtill through a Hole ſo ſmall 

that it is hardly to be perceived, 


Cn 
Of the SPLEEN, 


oat WE know nothing particular of the Spleen, but only ,, gp 44, 
that it is full of very groſs Blood, and that it has a Bod con- 

this Communication with the Ventricle by Means of a ſmall > in the 

call Duct which Phyſicians call the Yas-breve ; and with the 

ra- Heart, and ſome other neighbouring Parts by Means of 

pen {ome Arteries and Veins, | 

fall 2. I ſaw a Dog once whoſe Spleen had been taken out „ 23. 
ſix Months; the Wound neceſſary for this Operation, Spleen is nee 
having been ſew'd up, healed by Degrees, and the Dog reh 
recovered his Strength again in Proportion; ſo that at 54 _—_— 

hat there appeared no external Sign of an Inconvenience 


that the Dog ſuffered for want of it, 


Li- * 
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CHAP. XI. 
Of the Kidneys and Bladder. 


7, Of the T HE Subſtance of the Kidneys ſeems to be of the 
—— df Nature of a very fine Sponge, and we ſee in each 
3 and of their Kidney a certain Cavity which they call a Baſon, and 
ui Boſs. which is always almoſt full of Urine. | 
| 7/effels near 2+ It is alſo to be obſerved here, that each Kidney is 
Cl ebe Kidreys. placed at the Extremity of the emulgent and Artery Vein. 
C 3. Of tbe 3. The two Kidneys have a Communication with the 
Bladder by two very flender Ducts, called the Ureters, 
which are generally full of Urine, and where we ſome- 
times find ſmall Stones like thoſe generated in the 
Kidneys: They are inſerted into the Bladder ſomewhere 
about the Neck of it, but the Paſſages whereby the Urine 
gets into it are ſo ſmall that they cannot be perceived. 
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CH A P. XII. 
Of the Motion of the Blood. 


| be 
J. Ne O- H E Al, . at t 
pinion of ebe  4otion of the Bloc is one of thoſe Things | 
Artients which I ſaid before.could not be known by the Help _ 
| concerns Of Reaſon. Andit is a famous Queſtion amongſt Phy- * 
. of the Bled. ſicians, and what they are very much divided about; viz. Ve 
F IF here the Bliod is made, and how it is moved: The An- 90 


tients, whoſe Opinions the greateſt Part of our od . 
Doctors follow ſtill, thought that all the Blood came from 

i the Liver; and becauſe only a ſmall Part of it goes into 'Y 
7 the Jena- porta, and from thence into all the Branches of of 
bi it; therefore the greateſt Part of it, paſſes into the Vena- er 
Af cava, and fo into all the Branches belonging to it; but 
in ſuch a Manner, that at the coming out from the © en 
Liver, a conſiderable Quantity of it, turns about and 


” * . . 8 p h 
enters into the right Cavity of the Heart, where it 1s 1 
divided into two Parts, one of which runs through the th 


Vena-a"termſa into tl e Lungs, and the other through the W 
Mediumeſeptum into the left Cavity; where, they ſay, 
| | N | 1 


——— 
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it is converted into arterial Blood or vital Spirits, which 
is carried into the Lungs by the Arteria-venoſa, and all 
over the Body by the Arter:a-magna and its Branches. 

2. According to this Opinion, the Blood always moves 2. Thor ebe 
from the Middle of the Body to the extreme Parts, with- — * 
out ever returning back again; And ſince it is aſſerted, zz, Opinice 
that it advances forward only in Proportion as the Parts A be An- 
get out of the Veins and Arteries to nouriſh the Animal; SPV 
it follows, that the Motion of the Blood muſt be verß V 
ſlow, 

3- This Opinion was received from the Antients, 3 h, 

without any Proof, at a Time when no Body ſuſpected 5 222 
that the firſt Philoſophers were capable of any Miſtake : 
But ſince we do not ſubmit ſo blindly to Authority in ſuch 
Matters as theſe, we find that this Opinion is only mere 
Imagination without any Ground, and that it ought to 
be utterly rejected: For beſides its making the Blood paſs 
through the Septum of the Heart, where there does not 
appear to be any ſenſible Pores, and where we find by 
Experience, that neither Air nor Water will paſs through, 
it does not at all agree with the Poſition of the Valves 
which are at the Entrance of the Arteria-venoſa, and a 
great many other Places of the Veins. Not to ſpend any 
further Time therefore, nor to amuſe our ſelves in confu- 
ting this Opinion, I ſhall content my ſelf with endea- 
vouring to eſtabliſh another Conjecture, the Reaſons for 
which appear to me ſo plauſible, that I hope there will 
be no Difficulty in admitting it, when we have once been 
at the Trouble to examine it. 

4. If we remember the Diſpoſition of the Valves which 4 Th be 
are at the two Holes of the Heart, where the Vena- caua 2 of 
and Arteria-vengſa end; we ſhall ſee, that theſe two Herr from 
Veſſels being always full of Blood, there muſt neceflarily ee Vena, 
flow out of each of theſe one great Drop of Blood, into , omg 
each Cavity of the Heart when it is empty, noſa. 

5. Theſe two Drops being dilated by the Heat which t 78 
s in the Heart, which is greater than in any other Part Bleed paſſes 
of the Body, as we gznd by Experience, endeavour to go e the 
out at the Holes which are in theſe two Cavities; but be- — — of 
cauſe they cannot get out at thoſe through which they jars the Ve- 
entered in, they themſelves ſtopping up the Paſlage n-aneriofa, 
that Way by prefling againſt the Valves at the Entrance; 4 Av 
therefore. they muſt go out at two other Holes where 
they can open the Valves : And thus almoſt all, the Blood 
Wh is in the right Cavity, paſſes into the Lungs 8 
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the Vena- arterioſa, and almoſt all that which is in the left 

Cavity paſſes into the Aorta. 
6. That 6. The Blood which is thus got out of the Heart can. 
2 not enter in again, becauſe the Valves are ſo placed that 
out of I it ſtops up the Paſſage it ſelf, Wherefore that which re- 
Vena-cava mains in the Cavities of the Heart, being no longer able 
ard Arteria- to preſs againſt the Valves which are at the Holes where 
tbe Cavities the Vena-cava and Arteria-uenoſa end, there muſt again 
of the Heart. fall in two other great Drops of Blood, which dilating 
themſelves as the former, go the ſame Way as they did, 
2. That the 7. Now in order to ſee how it is poſſible for this to 
wr” or continue during the whole Life of the Animal, we muſt 
Arteries into conſider, that every Time the Vena-arterioſa receives the 
tbe Vein. Blood that is newly dilated in the right Cavity of the 
Heart ; this Blood impells that which the Vein was filled 
with before, fo as to make it diſcharge ſome Part of it 
ſelf into the Arteria-vencſa, which it paſſes into not only 
through thoſe viſible Anaſtomoſes, which we mentioned 
Juſt now; but allo through an infinite Number of inſen- 
{ible Paſſages, which are at the Extremities of the 
Branches of the Yena-arterioſa, and which end at the 
Branches of the Arteria-vensſa, So likewiſe we muſt 
conſider, that every Time the Horta receives the Blood 
that is newly dilated in the left Ventricle of the Heart, 
this Blood preſſes upon that which it was filled with be- 
fore, and makes it diſcharge part of it ſelf into the 
Branches of the Yena-cava, which it gets into through 
ſome Anaſtomoſes that are viſible, and through an infinite 

Number that are inviſible. 

8. Of the 8. This being ſo; the Blood which is in the Veins 
Circul.tion moves from the extreme Parts of the Body towards the 
of the Bleed. Heart, which it enters into through the Yena-cava which 
diſcharges it ſelf into the right Cavity of the Heart; 
from hence it goes into the Yena-arterizja, then into the 
Arteria-venja, and from thence into the left Cavity of 
the Heart, from whence it 1s carried to the extreme Parts 
of the Body, through the Trunk and Branches of the 
Aorta, the Ends of which are united with thoſe of the 
Vena-cava, ſo that theſe latter ſend the Blood back again 
to the Trunk belonging to them, which afterwards diſ- 
charges it into the right Cavity of the Heart, And thus 
that famous Circulation of the Blood is made; for the 


2. De the Diſcovery of which we are obliged to Dr. Harvey. 


Circulation 


of the Bled 9. Having thus ſeen, that the Circulation of the Blood 
1: corfirmed is a neceſſary Conſequence of the Diſpoſition of the 
— 7 Veſſels, which contain it; the:e are two very ſtrong 


Lig aturels 


Arguments 
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Arguments by which it may be further confirmed. Fiyſt, 

if the Skin of any live Animal be ript in any Part where 

there is a pretty large Vein, and this Vein be ſo freed 

from the Fleſh that is about it, as it may be tied cloſe 

up by a Thread going round it ; we ſhall ſee that Part of 
the Vein, which is betwixt the Ligature and the Heart, 

grow empty; and on the contrary, that Part which is be- 
twixt the Ligature and the extreme Parts of the Body will 

ſwell. And if this Vein be pricked, or if it be cut in 

two, betwixt the Ligature and the Heart, there will 

come out but very little Blood ; whereas if it be only 

pricked between the Ligature and the extreme Parts of 
the Body, there will come out ſuch a Quantity of Blood 
that the Animal may die: Which is a certain Sign that 
the Blood does not move in the Veins from the Middle of 
the Body to the extreme Parts, as the Ancients thought ; 

but on the contrary, that it moves from the extreme Parts 
of the Body to the Middle. 

10. It is eaſy to ſee that what is thus done in Beaſts, is 10. Of ths 
in like Manner done in Men, if we conſider the Method — 
of letting Blood, For ſince the Surgeons are obliged to tye J 
up the Arm, in order to make the Blood come out of the 
Vein at an Orifice below the Ligature; we cannot rea- 
ſonably think otherwiſe, but that the Ligature, which 
the Arm is tyed with, by compreſſing the Veins, but not 
compreſſing in the fame Manner the Arteries, which are 
not ſo ſupple, and which lie deeper under the Skin, will 
permit the Blood to run along the Arteries of the Arm, 
trom the Middle of the Body to the Ends of the Fin- 
gers; but that it will not permit it to return again from 
thence ſo freely, through the Veins to the Middle of 
the Body, becauſe this Ligature it ſelf ſtops it, fo that 
the Blood is forced to go out at the Orifice they 
make, 

11. And this will appear ſtill more evidently, if we con- ho 
ſider that, when the Arm is bound up ſo hard that the'rjgarure 
Arteries are compreſſed, it is impoſſible to get any Blood 2 be 
out at the Orifice of the Vein, without firſt looſening . 


a : h that the 
the Ligature, in order to give Room for the Blood to Bled may | 
move in the Arteries beneath. come out. 


12. Another Argument which confirms the Circulati- 12. Anzther 
on of the Blood, in the Manner we have now deſeri- ——— 
bed; is an Experiment made in ſome of the Veins which circolation + 
are juſt under the Skin, and are the moſt viſible of all. ＋ 7b Bld. 
If we take any ſingle Branch of one of theſe Veins, as 
tor Inſtance, one of them which are on the Back of the 


Hand, 
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Tub. XVI. Hand, which is here repreſented by AB, of which A is 
Figs: 3. the Part furtheſt diſtant from the Heart, and where two 
Branches unite in one ; and B the Part neareſt the Heart, 
| and where the Branch divides again into two other ; If, 
| 1 fay, we preſs the Vein at A with the End of one of 
our Fingers ſo as to ſtop the Blood, and at the ſame 


1 
4 
14 
4 
f 
+ 
3 
: 
V 


x 47 
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| Time ſlide another Finger along the Vein AB, to drive 
F the Blood towards CC; then the Vein AB will be emp- 
N tied and diſappear, neither can the Blood be made to get 
| again into it by moving the Finger from C to B, be- 
cauſe there is a Valve at B which ſtops it. But that 
which evidently proves ſuch a Circulation of the Blood 
i as we have deſcribed is this, that if the Part B be preſſed 
1 with the Finger, ſo as to hinder any Blood going towards 
1 the Heart from B to A, and the Other Finger be taken 

1% off from &, you will have the Pleaſurg to be the Branch 

L AB filled immediately with Blood, and the Blood will 


1 | move from A towards B, that i IS, from the extreme Parts ac 
1 ä of the Body towards the Middle. = 
15 1.4 b.. 13. There is a particular Demonſtration of the inviſible 7 
1 | inflation Anaſtomoſes, or Communication between the Extremities Fe 
. ast of the Arteries and the Extremities of the Veins. If the 

1 be Vein and Breaſt of a live Animal be cut open, and the Aorta tyed Ji 
| | — two Inches Diſtance above the Heart, and then cut *. 
. in Pieces betwixt the Ligature and the Heart ; 3 the Con- * 


i ſequence will be, that not only all the Blood jn the Veins, 
* but that in the Arteries alſo wl in a very little Time run of 
out at that Hole in the Heart whereby the Blood uſes to 


paſs out of the left Cavity into the Aorta: Which it 0 
6 could not do, if the Extremities of the Branches of this ſel 
Veſſel, had not a Communication with the Extremities of 
Mi of the Branches of the Veins, * 


448.8884), 2 8. 8 | © 


F let 


Of the Pulſe, or Beating of the Heart and Arteries, 


10 7. That the 'F HE Beating or Motion of the Heart and Arteries, 
1 Man,, which is called the Pulſe, is ſufficiently known by 
48 foe Heart 


„Ae, Experience; the Difficulty hes in finding out how it is 


«-ee»4 «pon Gre, But becauſe this Motion is nothing elſe but a Sort 
N. Hwy, 2 of 
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of Dilatation in the Heart and Arteries, which is made 
regularly, and in ſuch Meaſure, that the Arteries beat 
neither faſter nor lower than the Heart; I can't but think, 
that both the one and the other depend upon the ſame 
| Cauſe, and that this Cauſe is no other than the Alteration 
| of the Blood made in the Heart. 
2. It is probable therefore, that every Time any Blood 3+ H the 
gets into the two Cavities of the Heart, this Blood mixes — 
with that which was before left in it, which ſerves like 
Leaven to make it dilate all at once; by which Means, 
the Heart it ſelf is alſo forced to dijate and grow broader: 
After which, when the greateſt Part of the Blood which 
was in theſe Cavities goes out, viz. that of the right Ca- 
vity into the Vena-arterioſa, and that of the lt Cavity 
into the Horta; then the Heart relaxes and grows long 
again; and it is in this continual Alteration of the Figure 
of the Heart that its Beating conſiſts : And as to the Ar- 
teries ; their Motion conſiſts in this, that they ſwell upon 
receiving freſh Blood from the Heart; and return to their 
firſt State again immediately upon the Bloods loſing its 
Force and Agitation. 
F 3. Not that I am unwilling to confeſs, that the Heart is 3: T5! ＋ 
diſpoſed, by the Fabrick of it, to dilate and contract it ſelf ;z, Haare 
another Way: For it being compoſed of two Muſcles, it contributes 
5 is reaſonable to think, that they exerciſe their Power al- cbt. 
5 ternately, that is, the Animal Spirits paſs by Turns out 
of one Muſcle into the other. However, I am of Opi- 
2 nion that it is the Dilatation of the Blood in the Heart 
which regulates their Power; becauſe the Heart dilates it 
ſelf quicker or flower, according as the different Qualities 
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”" of the Blood make it capable of a quicker or ſlower Di- 
latation. | ok 
4. This ſecond Cauſe of the Motion of the Heart, being 4.45 b. 
I ſuppoſed ; it is no more ſtrange that it ſhould ſometimes — — 


beat, after it is taken out of the Body of a live Animal, {ter our of 
than that a Bell ſhould continue to move, after we have the Body of 
et go the Rope; Neither can there, I believe, be any o- "mat. 
ther Reaſon given for it than this, | 


—_—_ 
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C HA P. XIV. 
What Time the Blood circulates in. 


1. Hz to BY reckoning very nearly the Quantity of Blood which 


—_ = paſſes into the Aorta at every beating of the Heart, 
bon: Macy and- by determining alſo the Quantity of Blood which 


. of the Bled. there is in the whole Body; we may find how long Time 


it takes to finiſh one Circulation, by ſome ſuch Way of 
Reaſoning as this. Firſt then, 1 am of Opinion, that e- 
very time the Heart beats, it throws a Drachm of Blood 
into the Aorta, which is the leaſt, I think, that can cauſe 
a ſenſible Dilatation in all the Arteries This being fup- 
poſed, I count how many times my Pulſe, and conſe- 
quently my Heart, beats in a minute of an Hour, and I 
find it beats ſixty four times, that is, three T houſand eight 
Hundred and forty times in an Hour ; Whence I con- 
clude that there paſſes through the Heart every Day, nine- 
ty two Thouſand one Hundred and fixty Drachms of 
Blood, which make eleven Thouſand ve Hundred and 
twenty Ounces, or ſeven Hundred and twenty Pounds of 
Blood. Wherefore if I had ſo much in me, I ſhould con- 
clude that it circulated once a Day ; but becauſe I am of 


Opinion that there is not above ten Pounds of Blood in 


my whole Body ; I conclude that in twenty-four Hours, 
it paſſes ſeventy-two Times through the Heart, and con- 
3 the whole Blood circulates three times in an 
our 
. That this 2. But it is very manifeſt, that if more or leſs Blood 
8 than I have ſuppoſed, goes out of the Heart at every Beat- 
— pany 185 if the Pulſe be faſter or ſlower than I found mine to 
be by Experience, or if the whole Maſs of Blood be not 
juſt ten Pounds, as I imagine it to be; there will be found 
a different Number of Circulations in an Hour, than what 
[ have laid down; ſo that the Calculation now made, 


ſerves only for an Example to make others by, 
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CH A P. XV. 
Of natural Heat. 


HERE is a certain Heat in us which is not tranſi. 1. M bat na- 
ent, like that impreſied upon inanimate Subjects by 3 
Fire, but which continues in the Depth of Winter, and 
laſts as long as we live; this is what we call natural Heat: 
Concerning which there have been two Things which Men 
have always been ſollicitous to enquire into. Firſt, What 
it conſiſts in; and ſecondly, How it is communicated 
from the Heart, which is at it were the Center of it, to 
the moſt extreme Parts of the Body. | 
2. It ſeems to me moſt probable that natural Heat owes 2. har ir 
it Original to the Blood, and is pretty much like that we i«: 
c mentioned in the firſt Part of this Treatiſe, which ariſes | 
? from the Mixture of two Liquors ; for Inſtance, of Oyl 
5 of Tartar and Oyl of Vitriol. For after the greateſt Part 
f of the Blood which is rarified in the two Cavities of the 
d Heart, is got out through the Vena- arterioſa and Aorta; 
f that little Blood which ſtill remains in thoſe two Cavities, 
- and that new Blood which comes from the Bags or Ears 
f W of the Heart, are like theſe two Liquors, and one of 
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n them ſerves as Leaven to the other, to dilate and heat it. 

5 3. As a Conſequence of this, it is evident; that the Heat 3. N it 

= communicates it ſelf to all the Parts of the Body by the _ 
all the Mem + 


n Blood which comes to them perpetually from the Heart 3, 
through the Arteries. Thus we perceive the Heat to be 

d proportionably greater, when the Pulſe of the Heart and 

= Arteries is quicker, and the Blood has not time enough to 

0 cool, becauſe it is ſo ſoon carried from the Middle of the 

Xt Body to the extreme Parts, 
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CHAP. XVI. 
Of Nouriſhment and Growth, 


27 Al. L the Parts of our Bodies, except the Bones, beiny 
Ia as very ſoft; it ſeems to me very reaſonable to think { 
c-ntinually that they are continually waſting, and that this Waſting i 
leg. increaſed by the ſeveral Motions of our Members, and by 

the Action of thoſe external Things which ſurround us: 

Yet we can ſcarce perceive any ſenſible Diminution in 


{ 
c 
our Bodies; eſpecially if we be in perfect Health; nay, , 
c 
t 


we fometimes find; on the other Hand, that they increaſe 


(| and grow bigger in a very little Time: Whence we muſt 
MH eaſily be convinced, that ſome new Subſtance muſt come t 
. into the Place of that which we are continually loſing, and t 
g N | that this contributes t our growing bigger. Thus we t 
1 ſee, that if any ſmall Hurt happens to almoſt any Part of t 
[| our Bodies; they heal, as it were, of themſelves ; and that MW \ 
1 when any ſmall Part of the Skin or Fleſh dries, and comes Fl 
W off from the Body, another comes in its Room, and the al 
| Part which was hurt, becomes at laſt like the other Parts, Ni 
. bobdbr like what it ſelf was before. | F 
14 2. Whatis 2. When the Particles which are changed into the W 
_— 9 fame Nature as our Body, make it oniy to continue in pa 
e the ſame State, this is called Nutrition; but when they it 
# 7 are applied in ſo great a Quantity, and are of ſuch a Sort, F 
4 that they increaſe the Bulk of it, this is called Grototh, ne 
Mi 3. That 3. In ordet to explain how this Alteration is made; all 
4 Nutrition the ancient Phyſicians, and ſome of the modern ones, 
Hi and Grow!” who hold that Opinion concerning the Motion of the 


| 

Fi | 2 Blood which we have eonfuted, teach ; that the Blood 
when it is got to the Extremities of the Branches of the 
capillary Veins, comes out of them and changes it felt 
into a kind of Dew, which afterwards thickens; like mo- 
derately thick Glue, and then the ſeveral Parts 6f the Body 
divide it amongſt themſelves, every one attracting to it 
{elf that which it wants, and converting it into its own 
Nature, Thus the Fleſh attracts one Part, which it turns 
into Fleſh, and the Bones another Part, which they con- 
vert into Bones, and this they do by an occult Vertue, 
which they call the Attractive or aſſimilating Vertue. 
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4. But fince this Opinion appears contrary tõ Reaſon; 4: ee, 
becauſe it does not 1 af agree wich what 4 above de- 1. aber. 
monſtrated concerning the Circulation of the Blood; nor; 
does it in the leaſt explain how the venal and artéfial, 
Blood are converted into Dew, and then into Glue; an 


becauſe it ſuppoſes, that every Part of the Body is indued 


with an attractive or affimilating Verttie, which is what I 


do not at all underſtand; therefore I think my ſelf obliged | 
to enquire after another Explication of this Alteration. 

5. In order to which, we need only to conſider in What 5. How 
State the Blood is when it comes out of the Heart to fill %. —_ 
the Arteries: For it being then very much thinned and are per. 
dilated, and impelled all Ways with great Violence; we frn', 
cannot but think, in the firſt Place, that ſome ſmall Part 
of that which runs into the capillary Arteries, gets out of 
them through an infinite Number of Pores, which are in 
the Skins of which they are compoſed, and which open 
themſelves at every Pulſe: Further, if we conſider alſo 
that theſe Pores ate ſo ſtrait, as not to ſuffer freely all 
the Parts of the Blood that go through them to move all 
Ways indifferently ; we ſhall conclude, that they are car- 
ried but one Way only ; fo that by following one another 
and at the ſame time touching each other, they compoſe 
not a liquid, but ſmall Threads only, like the Fibres of 
Fleſh : And thus Nutrition is made, when that which 
waſtes at one Extremity of the Fibres of the Fleſh, is re- 
paired by an equal Quantity of Matter joining or uniting 
it ſelf to the other Extremity, and impelling or driving the 
Fibres before it; And Growth is performed, when more 
new Matter is added than is waſted away of the old, 
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CHAP. XVII. 


Of the Animal Spirits, and of W8*Motion of the 
Muſcles, © 


ESIDES thoſe ſenſible Parts of our Body which we — wo 

have taken Notice of, there is yet another Sort ot 4,jm 

Matter not to be perceived by the Senſes, which is li! e $i... 
very nine and much agitated Air, and which Phyſicians 
call Auimal Sptrits, That there are ſuch cannot be oO 
ca, 
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ed, if we conſider, that a great many Parts of our Bodies 
will ſwell all on a ſudden, where there is not the leaſt Suſ- 
picion of the Blood running in to produce ſo quick an 
Effect: Now this cannot well be aſcribed to any Thing 
elſe but to a very fine and very much agitated Matter. 
ering Fog 2, The Ancients thought, that the Animal Spirits were 
Ancien: made out of ſome of the Arterial Blood, which getting 
about Ani- through the Carotides into the Brain, they imagined that 
— 1K the Subſtance of the Brain had a Power to convert this 
tives Blood into Spirits. But we muſt acknowledge that this 
| Doctrine is very obſcure and defeftive, becauſe it does 
not ſhow us what this Power conſiſts in, nor what the 
particular Nature of theſe Animal Spirits is. 
a That we may make this matter more intelligible, let 
Animal Spi- us conſider, that the Blood being heated and dilated in 
rits are pro. the left Cavity of the Heart; ſome of its Parts, by daſhing 
wr wing 1 againſt each other, muſt be made ſubtler in ſuch a manner, 
Brain ſerves and acquire ſuch fort of Figures, as will enable them to 
only to ſepa- move more eaſily than others, and to paſs through ſuch 
tow _ „ Pores as the other will not paſs through. Theſe moſt 
of the Blozd, ſubtle and moſt agitated Parts come out of the Heart a- 
long with thoſe which are not ſo ſubtle nor ſo much agi- 
tated, And the Diſpoſition of the Aorta is ſuch, that 
whatever goes out of the left Cavity of the Heart tends 
directly to the Brain; but becauſe there is a very great 
Quantity of thoſe Particles, and becauſe the Paſlages of 
the Brain are too ſtrait to receive them, therefore the 
greateſt Part of them are forced to turn and go another 
Way; and the fineſt and moſt agitated Particles only can 
enter into the Brain, where they are made till finer and 
ſeparated from thoſe which are not ſo fine. Now it is theſe 
Particles, which are made thus fine and ſeparated from the 
groſſer Particles, that they call Animal Spirits, to the pro- 
ducing of which the Brain no otherwiſe conduces, but 
only like a very fine Sieve, . that ſeparates the fineſt 
Flower from the coarſe. 
4. What the 4. After we are once convinced that there are Animal 
— Spirits, and are aſſured that the Brain is the Receptacle 
ebe Muſcles of them; there is nothing obſcure in what they call the 
confifts in. motive Faculty or the Principle of the ſeveral Motions of 
the Members : For it is eaſy to apprehend, that when 
either the particular Figure and Agitation of the Particles 
which compoſe theſe Spirits, or the external Objects which 
affect the Organs of our Senſes, or our own Inclination 
to ſuch or ſuch Motion, determines into what Nerve thoſe 
Spirits ſhall enter rather than into any other; * will 
ooner 
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ſooner enter into that particular Nerve than any other; 
which conſequently, from the common Structure of all 
the Muſcles, will ſwell and grow ſhorter, and then the 
Tendon muſt draw up that Part of the Body to which it 
is fixed; and in this manner it is that our Members are 
moved. a 

5. Nor is it neceſſary, that every Time we move any 5. Thar 
one of our Members, the Brain ſhould ſend a large Quan- , are not 
tity of new Spirits into the Muſcle which ſerves to pro- yy ages 
duce this Effect: For each Member being capable of be- quired fr 
ing moved two contrary Ways, by the Muſcles called Au- 57 Pariens 
tagoniſts, we muſt think, that when the Muſcle which : 
ſerves for one of the Motions, ceaſes to act; the Spirits 
which ſwelled it, paſs into its Antagoniſt by a Duct com- 
mon to them both, and ſo helps to move the Member: 
And in order hereunto, there is no need of any more 
Spirits flowing from the Brain, than is neceſſary to open 
and ſhut the Paſſages of this Duct conveniently, and to 
ſapply thoſe Spirits which are ſo atrenuated, by continual . 
Agitation, that loſing the Nature of Spirits, they fly off 
through the Pores of the Membrane in which each 
Muſcle is contained. | 
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CHAP. XVIII. 
Of RESPIRATION. 


'F to what was obſerved in the firſt Part of this Trea- 1. How Ne 

tiſe, (namely, That Reſpiration depends upon the Action — 1. 
of the Muſcles of the Breaſt and lauer Belly, which by fwel- 
ling or making flat the Body, makes the Air to enter in or go 
gut;) we add, what was now ſaid concerning the Action 
of the Muſcles; we ſhall have cleared all that one would 
deſire to know upon this Subject. 

2. However, I cannot omit one Particular, which 2. Vn 
though of no great Moment, is yet worth obſerving ; and wy 7 TY 
that is, that when our Mouth is open, we can at Pleaſure, pen, we es 
either breath through our Noſtrils without breathing Lreatb ei- 
through our Mouth, or breath through our Mouth with- — a 
out breathing through our Noſtrils. Now in order to ſee or Meſteila. | 
the Reaſon of theſe two Effects, we muſt obſerve, that 
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the firſt depends upon this, that we can ſo draw back our 
Tongue to the Bottom of our Mouth, as to hinder the 
Air from entering into the Lungs that Way, as much as 
if the Mouth were quite ſhut; and fo it is forced to enter 
in through the Noſtrils. The ſecond depends upon this, 
that we can make ſome Pieces of Fleſh, which are at the 
Bottom of the Noſtrils on the Inſide, and which are like 
Muſcles, come fo cloſe together, that the Air not being 
able to get into the Lungs that Way, is forced to enter 
in by the Mouth, 
5 bk þ Ko 3. The Neceſſity of Reſpiration ppears ſufficiently in 
bon. moſt Sorts of Animals, which die if it be ſtopped for any 
time; And for the Uſe of it, it is very probable, that the 
Air, by getting into the Arteria- aſpera, cools and conden- 
ſes the Blood which runs along in the Branches of the 
Arteria-venoſa, in order to make it fit Fewel for that Sort 
of Fire which is in the left Cavity of the Heart, and that. 
it may be there dilated again: And this fame Air, when 
it comes out of the Body and the Lungs, brings along 
with it certain Parts which are purged off from the Blood 
as it runs in the Branches of the * and Ar- 


teria-venoſa, which are as it were the Smoak or Soot of 


the Blood. 


4. Infants don't breath at all whilſt they are in their 
6): Olfervis Mother's Womb; and the Blood which is once heated 


tion of what . 


4. A nota» 


ſupplies in in the right Cavity of the Heart, not being cooked by Re- 


che Ferus ſpiration, cannot be proper to nouriſh that Fire which is 
penn in the left Cavity : Wherefore Nature has provided a- 
pure gainſt this, by ſo ordering it, that the Blood when it is 
once heated and dilated in the Heart, ſhould not enter into 

it again, except perhaps in a very ſmall Quantity : For, 

the greateſt Part of the Blood which goes out of the 

right Cavity of the Heart, paſſes immediately out of the 

Trunk of the Yena-arterigſa into the Herta, whilſt other 

Blood to ſupply the Defect of this, paſſes immediately out 

of the Yena-cava into the Trunk of the Arteria-venoſa, 


from whence it flows into the left Cavity of the Heart 
and 1s there dilated. 


EM 5. The Holes or Channels through which the Blood 


5 . . 

ſe Birds palles in this manner in Children before they are born, 

wich dive are ſtopped up by Degrees after they are born; becauſe 

into tbe Wa- . | ” : . 

fun, can con- they being then able to reſpire, the Blood which comes 

einve 4 ling Out of the right Cavity of the Heart, is ſufficiently cooled 

* BAS and condenſed before it enters into the left Cavity to nou- 

p. Tiſh the Fire which is there. The fame Thing happens to 
the greateſt Part of Beaſts; whereas in Men, for want of 
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Uſe, theſe Channels are ſtopped up, ſo that in ſix Weeks 
or two Months after they come into the World, there does 
not appear any Hole or Ducts at all. But becauſe there 
are ſome Animals, ſuch as Ducks and Cormorants, which 
will ſometimes continue a long while under Water, where 
they ſeek for Food, and where they cannot breath; in 
ſuch Creatures, the Holes now mentioned are not ſtopped 
up, but they make uſe of them all their Lives; which is 
owing either to their conſtant uſing of them, or elſe to 
the particular Nature of ſuch Animals, whereby it is har- 
der for them to cloſe and be ſtopped up. | 
6. And perhaps thoſe famous Divers amongſt the Anci- 0, tes. , 


amous D 


ents, concerning whom Hiſtorians relate, That they con- vert of it 
tinued whole Hours under the Water to the Admiration of 
all, were of ſuch a wonderful Conſtitution of Body pe- 
culiar to them, that their Blood kept open thoſe Paſſages, 
that it might run in them when there was Occaſion, as 
it did before they were born, and as it does in the Bodies 


of Ducks and Cormorants, | 
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CH: AP: NS. 
Of Waking and Sleepirg. 


f * T which Experience principally teaches us con- 1. Of - 
cerning Waking, is, that we are then in ſuch a State, — 
20 to hear the Words of thoſe that ſpeak to us, to ſee 

the bright Objects that are before our Eyes; in a Word, 

we then perceive, in all the ſeveral Ways that we are ca- 

pable of perceiving, when any Objects act with ſufficient 

Force upon the es of our Senſes. To which we 

may add, that we can then move our Bodies alſo ſeveral 

Ways juft as we pleaſe, And Sleep, we find by Expe- 
rience, to be a State oppoſite to this, in which the com- 

mon Actions of external Objects upon the Organs of our 

Senſes, do not raiſe any Senſation in us, and during which 

our Bodies appear to be at perfect Reſt, . 

2. In order to account for theſe two States, it is ſuffi- 2. har be. 
cient to conſider, that Waking conſiſts in this; that the ++ ap 
Animal Spirits being at that Time in great Plenty in te 
Brain, and capable of being eaſily determined to run from 

Vor By 8 2 thence 


256 ROHAUL Ts Sysrem Patt Iv. 


thence through all the Nerves, they fill them in ſuch a 
manner as to keep all the Capillaments of them ſtretched, 
and diſtin from each other. For, upon this Suppoſition, 
it is eaſy to apprehend, that if any Object affects any Part 
of our Body, the Capillaments of the Nerves which end 
in this Part, can tranſmit the Impreſſion which they re- 
ceive, to that Place in the Brain which immediately ex- 
cites a Senſation in the Soul. Tt is alſo eaſy to conceive, 
that the Animal Spirits, being then ſent into ſeveral Muſ- 
cles, make the Parts of the Body into which thoſe Muſ- 
cles are inſerted, to move ſeveral Ways. 

3. A State of Sleep being oppoſite to that of Waking, 
in order to determine what it conſiſts in, we need on! 
ſuppoſe adifferent Diſpoſition in the Brain from that which 
cauſed Waking. And as that conſiſted in the Quantity of 
Spirits; the other, for the contrary Reaſon, ought to be 
cauſed by a Scarcity or Failure of Spirits; fo that the 
Pores of the Brain, through which the Spirits uſually run 
into the Nerves, not being kept open by the continual 
flowing of the Spirits, ſhut up of themſelves, The 
Conſequence of which will be, that the Animal Spirits, 
which were in the Nerves before, being diſſipated, and 
no new ones flowing in, the Capillaments of the Nerves 
will become ſlack and ſoft and cleave to each other. And 
if at that time any Object makes an Impreſſion on any 
Part of the Body, thoſe Nerves cannot tranſmit it to the 
Brain; whence it follows, that there can be no Senſa- 
tion : Further, the Muſcles, which are then void of Spirits, 
being relaxed, are of no uſe to move the Members into 
which they are inſerted; nor can they any more contribute 
to keep the Body in any particular Poſture, than if they 
were entirely deſtroyed, 

e, „, 4 The Cloſing of the Pores of the Brain, which 
e, are the Orifices of the Nerves, and conſequently Sleep, 
follows neceſſarily from any great Loſs of Spirits: But if 
there be a ſufficient Quantity of Spirits in the Brain which 
may be —_— if we make but a ſmall Effort, to the 
Actions of Waking, and we do not employ them; the 
Beginning of ſuch Sleep may be faid to be voluntary. 
For thus we fee, that a Perſon who finds himſelf diſpo- 
ſed to Sleep, can forbear Sleeping for ſome time, if he 
will, by applying himſelf intently upon doing ſomething, 
and employing his Animal Spirits, which otherwiſe would 
be employed another Way, to Actions which ſerve to 
keep lim awake, 
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Soul to feel Objects which touch the Body. Thus a Man 
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5. Since the Animal Spirits are in very great Agitation, iy we 
it is eaſy to imagine, that if they are not employed in 3,590 
keeping us awake, but remain in the Blood, they muſt 1 
increaſe the Agitation of its Parts. And becauſe the In- 
creaſe of the Heat of the Blood and of that of all the 
Members, conſiſts in this; it follows, that if we ſleep in 
a Bed in the Depth of Winter, we grow warmer than if 
we keep our ſelves awake. 3 

6. It may happen, that while we are aſleep, ſome of the 6. 2. Couſe 
Animal Spirits which are in the Brain, may ſhake ſome of J Preams. 
the Parts of the Brain, in the fame manner as they would 
be ſhaked by an external Object affecting the Senſes of the 
Body. And in this Caſe, there will be a Senſation raiſed in 
the Soul, and ſuch a Sort of Perception as we call a Dream, 

7. And becauſe thoſe Parts of the Brain which are uſed 7. by we 
to be ſhaken by the Action of ſome external Object upon „ cam 
them, are more eaſily agitated than thoſe which are al- J, Aer 
ways at reſt ; therefore theſe are commonly put in Mo- bave ſeen 
tion by the Animal Spirits when we are aſleep ; which ae. 
is the Reaſon why we ſcarce ever dream of any Thing in 

our Sleep, but what we have ſeen when awake. 

8. And becauſe the great Variety of Objects which we 3. #y 
have taken Notice of in the Courſe of our Lives, hath — = . 
agitated the Parts of the Brain in very different Manners; 4 feder. 
it would be a Wonder, if in our nightly Dreams, the A- | 
nimal Spirits ſhould at any Time move them otherwiſe 
than as if partly one Object were preſent, and partly as 
if another were preſent; And thus the Perception raiſed 
in the Soul, may ſometimes be the Head of a Lyon upon 
the Body of a Goat; that is to ſay, it is very hard for our 
Dreams to be at any time regularly and orderly. 

9. The Nature of Sleep being ſuch as we have now de- 9. Heu ary 
ſcribed ; it is evident, that it may be interrupted, if any Fay 4 oo 
of our Organs of Senſe be ſo ſhaken, that the Impreſſion Sp. 
made upon it, extends to the Brain: For in this Caſe, thoſe 
tew Animal Spirits which remain in the Brain, and thoſe 
which flow thither without Interruption, may be employ'd 
to drive away Sleep. 

10. But it no Object ſhould act thus ſtrongly upon the OO 
Organs of the Senſes, yet Sleep muſt neceſſarily end after tin, from 
a certain Time, For the Animal Spirits which are pro- S. 
duced in Sleep, will in Lime become lo plentiful, that 
they will be able of themſelves to open the Oritices ot 
the Nerves, and to fill them ſo much as is neceſſary to diſ- 
engage the Capillaments, and make them occaſion the 
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that is aſleep in his Bed, may be awaked by the Senſation not 
which is raiſed in him by the Hardneſs of the Mattreſs on out 
which he lies, or by the Sheets being ruMed ; or, as it He 
very often happens, by the Senſation or Motion which tra 
we may have to go to Stool, | by 
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CHAP. XX. 
Of the Concoction of M E A T. 
\ "Nov what 8 IN CE ſome Part of the Blood is perpetually con- 


mad: out erf Verted into Animal Spirits, as was juſt now explained; 

toe I cod. and a much more conſiderable Part is employed to nouriſh 
or augment the Body, it muſt neceſſarily at laſt be all 
dried up, if there were not à Supply of new. Further, 
every one knows, and the continual Appetite which we pe 
have for Food, does moreover ſhow, that it is that which Of 
ſupplies this Loſs, and furniſhes this Want, by being th 
changed and converted into Blood; but it is not ſo eaſy th 
to tell how ſuch a wonderful Change is made, _ 

3 * 2, Daily Experience teaches us, that after the Victuals 


eats 4. Are in a groſs Manner ground, bruiſed, and divided by the C 


bar Cen- Teeth, and moiſtened with the Spittle, they go down into h 
coin, the Stomach, where they continue to be divided into ſtill tl 
je ſmaller Parts, This ſecond Diviſion, which ſo alters the 8 
Condition and Form of the Food that we don't know it 2 

7 again, is what we call Concoction, which the Antients f 
thought was performed by the Heat of the Ventricle only. b 
k bs —2 3. We may venture to affirm, that the Antients would t 
5 His not have taught this Opinion but for want of a better : Not n 
that it appeared to them defective for want of ſufficient v 

Proofs ; for the Authority of them that advanced it, was an f 
undeniable Proof according to the Cuſtom of thoſe Times, y 

when, in order to eſtabliſh any Opinion, it was ſufficient - 

to ſay, that ſuch an one was the Author of it. But that : 


Which created a Difficulty, even to them, was; that they 
aw a great many Animals, in whoſe Ventricle they could 
not obſerve any Heat; as for Inſtance in Fiſhes, which 
notwithſtanding did not want Concoction, nay, had as 
good a one, as thote where the Heat is greateſt of all. 
Wherefore, that they might not be at a ſtand, at a Time 
when Philoſophers had the Vanity to declare, that there was 
r9. 


pF Two" m , wa-E WF _ SST 


Chap. 20. of NATURAL PHILosoPny. 


not any Thing that they did not underſtand ; they found 
out a Way to get rid of this Difficulty, by ſaying, that the 
Heat which ſerved to concoct Food, was a particular ex- 
traordinary Heat, not at all like that which we perceive 
by our feeling. But this is a meer Sophiſm ; for it ſigni- 
fies no more than to ſay, that the Concoction of Food is 
cauſed by fomething we do not at all know what, which 
we call Heat, 
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4. That the Miſtake of the Antients might appear more 4+ TharCon- 


coctioa 18 not 


plain, I have oftentimes made the following Experiment. fed 
J procured a certain 9 of thoſe ſmall Bones which r Heat e 


are at the extreme Parts of thoſe Sheeps Feet which % endet 
they ſell about half boiled; Part of theſe I put into a Pot 


almoſt full of Water, and boiled them over the Fire for 
near three Hours ; after which the Bones did not appear 
to be at all changed ; I gave the other Part of them at 
the ſame time to a great Dog, who devoured them im- 
mediately, and in three Hours I found theſe Bones almoſt 
entirely concocted. Now the contrary ought to have hap- 
pened, if the Concoction had been cauſed by the Heat 
only; for the Heat in the Pot was much greater than 
that in the Dog's Stomach : Hence we may conclude, 
that Concoction is not performed in the manner the An- 
tients taught. 

5. The modern Chymiſts have paved the Way to the 


$+ That the 


Diſcovery of this Truth. For they have ſhown in the 2% *## 


firſt Place, that Liquids are the moſt effectual Cauſes of 
the Diſſolution of hard Bodies; and that there are ſome 
Sorts of Agqua-Fortis proper to diſſolve ſome Bodies, and 
other Sorts proper to diſſolve other Bodies. It is there- 
fore very reaſonable to think; that after the Food has 
been bruiſed and divided in the Mouth, it is, as we fa:d 
before, ſwallowed down into the Stomach, after it is well 
mixed with the Spittle, which by the Motion of its Parts 
while it continues a Liquid, ſerves like Aqua- Fortis to dil- 
ſolve it further than the Teeth could do. And this is con- 
firmed from hence, that the Food is much eaſier to con- 
coct, if it be well chewed and mixed with a good deal of 
Spittle, than if it be leſs chewed and fwallowed down 
into the Stomach almoſt dry, | 
6. But this is not at all. 


For there are a great many 6. 0f 4 


Branches of Arteries, the Extremities of which are in the £19497 


Inſide of the Stomach ; from fome of which there ge- 


ther Fe's 
inte the Stig» 


nerally diſtills another Sort of Aua-Fortis much ſtronger macs. 


than the other, which mixing with the Spittle, helps it to 
diſſolve the Vichals, and indeed does the molt towards it. 
84 19 
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To which we may add further, that we may not wholly 
diſagree with the Antients, that theſe two Sorts of Li- 
quors, in Man and in the greateſt Part of Animals, re- 
quire Heat in the Stomach, in order to diſſolve the Vic- 
tuals contained in it, 
Fl ge,, 7. The Victuals after being thus diſſolved, go into the 
che Cinco2i , Inteſtines, where it may be ſaid, that a ſecond or a third 
— N Concoction is made: For the Gall which continually di- 
an, ſtills into them, and which tinctures the Victuals almoſt 
as ſoon as they come out. of the Stomach, finiſhes, as the 
laſt Diſſolvent, what the preceeding ones only began. 
lep 8. If what J have ſaid concerning the Gall does not ax 
were Exer. free with the Opinion of ſome Phyſicians, who think that 
ment, the Gall is nothing but an Excrement and of no uſe in the 
Body, I ſhall not be very uneaſy at that; becauſe their 
Opinion is ſo far from being ſupported by Reaſon, that it 
is directly contradicted by it. And indeed, if the Gall 
were only a meer Excrement, it is very probable, that 
Nature would rather have placed it at the further End than 
at the Beginning of the Inteſtines : For if their Opinion 
de true, it ſerves only to taint the Victuals as ſoon as it 
comes out of the Stomach, before it has furniſhed what is 
neceſſary to nouriſh the Body. 


— 7 
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. 
Of the Motion of the Chyle, 


; 
| 


1. Wit tor [Y what manner ſoever the Victuals are prepared, when 
9 they enter into the Inteſtines, it is very certain, that 
that Part which is ſeparated from them in order to be con- 
verted into Blood, muſt be very fluid, becauſe the Paſſages 
it goes through are ſo ſmall as not to be diſcovered by the 
Eye. This Liquor is what we call the Chyle which is ſe- 
parted (whatever the Cauſe of that Separation be) from 
+. The No. the other Matter which is more groſs, and muſt go ſome 
tion of the Way to that Part of the Body where it is to be converted 
eee into Blood. | i: 
_—_ 2 2 2. The Antients, who made Fnquiry a'ter theſe two 
Coyle, Things, imagined that the Chyle was drawn out of the 
- Inteſtings 
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Inteſtines by the Extremities of the Branches of the Vena- 
Porta, to which they aſcribed a Power of ſucking. That 
after this, the Chyle continued to run towards the Liver, 
by which it is likewiſe attracted, and into the Subſtance 
of which it enters, and that at laſt the Liver converts it 
into Blood, 

3. Though this Opinion was received in the Schools 3: 2%, 
for a long time, yet were they forced to reject it at laſt ; 22 
becauſe no Body underſtood what that Vertue of ſucking te Reaſon, 
was which they aſcribed to the meſentery Veins ; nor 
what that Vertue of attracting the Chyle and converting 
it into Blood, conſiſted in, which they aſcribed to the 
Liver ; but chiefly becauſe, according to that Opinion, 
the Chyle muſt run from the Inteſtines to the Liver, 
through thoſe Veins which they affirm, carry the Blood 
at the ſame Time with a contrary Motion from the 
Liver to the Inteſtines, which without doubt is contrary 
to common Senſe and Reaſon. 

4. Indeed ſince it has been found out, that the Blood 4. Thar 
circulates and runs out of the Branches of the cceliack Ar- 5" i = 
tery into the Veins of the Meſentery, and ſo is carried ble, — 
from the Inteſtines to the Liver; it is rightly judged, Circularion 
that the Blood is fo far from hindring the Motion of the . few” mn 
Chyle, that it cannot but contribute to make it move the - 
easier. 

5. But though the great Difficulty which was found in 5. Wer the 
the Opinion of the Antients, was hereby removed; yet 2!/covery 
the Diſcovery which was ſometime ſince made of the ow 2 
lacteal Veins, in which the Chyle appears viſibly to be caſed ie f 
contained, has cauſed it to be entirely rejected; And ex- % entirely 
cept ſome few of our old Phyſicians, who can't bear to 
alter their Opinions, there is none at this Day but hold, 
that the Chyle does not enter into the meſentery Veins 
at all, but only into the lacteal Veins. . 

b. And there being yet no Doubt concerning the Place 6. 75,5% 
where the Blood is made; they ſtreight concluded that the _— om 
lacteal Veins did ſerve as Channe to carry the Chyle Corſe of 2 
directly from the Inteſtines to the Liver. Cle. 

7. However they were forced to reject this Opinion 2 1 EG 2g 
alſo, upon finding by Experience; that when the Liver . 
of a live Animal is cut out of the Body, the lacteal Veins Liver at all. 
do not empty themſelves at all. For it is certain, that if 
the Chyle went directly to the Liver, thoſe Veins ought 
to grow empty, becauſe all the Paſſages through which it 
docs would be open. #10 

8. Daring 
2 
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3. Of te 8. During this Uncertainty of the Courſe which the as 
C00. gf no Chyle did take; Mr. Pecquet thought of a Method of to 
putting this Matter paſt all Diſpute, It is an Experiment an 

which he has made and ſhown a great many Times, and E 

which diſcovers the Courſe of the Chyle ſo as it may be ſo! 

ſeen with the Eye, The two ſubclaviary Veins muſt be MW ſel 

tied a little above the Place where they diſcharge them- Cl 

ſelves into the Yena-cava ; that there may be no Commu- th 


nication betwixt that Part which is above the Ligatures, M 
and that Part which is below them ; then having opened 
the right Cavity of the Heart, all the Blood which is 
beneath the Ligatures muſt be let out and carefully 7 
wiped up with a Sponge; after which, having firſt ſqueezed 
the lacteal Veins, then the Receptacle of the Chyle, and 
Hft of all the Duct which goes along the Vertebræ, theſe 
Veſſels will grow empty one after another, and you will 
ſee all the Chyle go into the right Cavity of the Heart, 
And this made us think, though we expected another | 
Paſſage, that all the Chyle paſſes from the Inteſtines into 1 | 
the lacteal Veins ; and from theſe Veins into the Recep- the 
tacle, and from thence into the fubclaviary Veins, where An 
it mixes with the Blood, and goes directly to the Heart. 


q 4 IS C 

„ That the 9. Nor is it at all neceſſary, in Order to explain how 
Ade! the Chyle comes out of the Inteſtines, to aſcribe a Power of 

Vin do not a : intc 

Ara tbe ſucking to the lacteal Veins as the Antients did to the fid 

Chyle. meſentery Veins, It is ſufficient to imagine, what is nic⸗ 

agreeable to Reaſon and Experience; that every Thing ceſſ 

which is in the Inteſtines is in a continual Fermentation has 

or Agitation, which makes all the Parts to have a Ten- Ego 


dency to dilate themſelves every Way. For, upon this 
Suppoſition, it is eaſy to apprehend, that the fineſt Parts, ther 
which are the moſt proper to make Chyle, get through W com 
the Pores of the Inteſtines and ſo enter into the lacteal 
Veins. 5 of 1 
v2. Thar the 10. The Courſe of the Chyle was for a long Time 0 f 
Cbyl- m6 ſhown by Experiments in Beaſts only, which gives Occa-¶ to tl 
e pl ſion to them who are ſtil] of the Opinion of the Antients, - ; 
Bean, to contend, that it does not move in the fame Manner in the 
Men. However this Matter is now put paſt all Diſpute I ſons 
by an Accident that has happened. Two drunken Soldiers . 
having quarrelled and fought together, and one of them that 
being very much wounded, was carried to a Surgeon, I to th 
but was juſt dead when he got thither. This Surgeon FF have 
(Mr. Gaiaz) who is very well skilled in Anatomy, kept I ci1,,, 
the Body, and ſometime after having diſſocted it, he lits, 


ſhewed the Motion of the Chyle to be the fame in Men 
| as 
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as in Beaſts. Several Perſons were ſucceſſively Witneſſes = 
to the Experiment ; And when the Chyle would not laſt 1 
any longer, he ſupplied the Want of it, by putting the } 
End of a ſmall Syringe into the Receptacle and injecting [ 
ſome Milk; for by that Means they ſaw it diſcharge it 
ſelf into the right Cavity of the Heart, the ſame as the 
Chyle did. If this Experiment be not ſufficient to ſhew 
the Courſe of the Chyle in the Body, I know of no 
Means that there can be of demonſtrating it, 


ir de fc ze x ir de ic ie de ix dc ic xc ic ic. & & c x d it xc dc 


C HA. XXII. 
How the Blood is made. 


F what has been ſaid concerning the Courſe of the 1. Wat ebe 
Chyle be granted, the Opinion of the Antients, that Fd i 
the Blood is made in the Liver, appears manifeſtly falſe : 1 
And there will be no Room to doubt but that the Chyle 

is converted into Blood in the Heart. 

2. As to the Manner in which the Chyle is converted 2. How the 
into Blood, I ſhall not ſay of the Heart what is uſually Sd . 
faid of the Liver, viz. that, being it ſelf red, it commu-  - 
nicates its Redneſs to the Chyle : For this is not at all ne- 
ceſſary ; for we very well know, that a Chicken, which 
has Blood in its Arteries and Veins, is generated from an 
Egg, the Shell of which is white, the White of the Egg 
tranſparent, and in which there is no Red at all. I think 
therefore, that it is more probable, that the Chyle be- 
comes red by the Alteration which the Ebullition it ac- 
quires in the Heart makes in the Figure and Diſpoſition 
of its Parts, So that the Heart contributes no more 
to the making of the Blood then a K neading-T rough does 
to the making of Paſte. | 
3. According to the different Conſtitutions of Men, 3. ben 
the Chyle is converted into Blood ſooner in ſome Per- . Blood i 


3 : made, and 
ſons than in others. And there are ſome, who have no ,, 3 


ome 
ſooner eaten, but we may perceive by very viſible Effects, Poke ofter 
that Part of the Food is concocted, and the Juice got in- — 
to the Heart; For that Diſpoſition to fleep which theßꝰ 
have immediately after eating, cannot reaſonably be aſ- 


cribed to any Thing elſe but the Want of animal Spi- 


Wits, which do not then breed in fo great Plenty in the 
| Heut, 
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Heart, becauſe the Blood which paſſes through it at that 
Time is become too groſs and cool by the Chyle's mixing 
with it. 
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. 
Of the EXCREMENTS, 


1. Of the 8 IN CE we are aſſured that all the Parts of the Food 
— that we take are not converted into Chyle, but that 
1 a great deal of it becomes an uſeleſs Eæcrement; it is ve- 
ry reaſonable to think alſo, that all the Chyle is not con- 
verted into Blood, nor all the Blood applied to the Nou- 
riſhment of our Bodies: So that there are ſeveral Sorts of 
Excrements, and of a very different Nature, which are 
alſo ſeparated in ſeveral different Manners from the Body; 
And indeed we may affirm, that there is no Part of the 
Body but what will become at laſt an Excrement ; be- 
cauſe there is no Part which at ſome Time or other will 
not be ſeparated from the Body, ſeeing it is in perpetual 

Change, and ſubſiſts by ſuch Change, | 
2. The O- 2. The Parts of the Food which are not converted 
pinion of the into Chyle, being groſſer and not ſo fluid as the Chyle, 
— cannot paſs along with it into the lacteal Veins, but are 
the Separa- diſcharged by an Inteſtine appointed for that Purpoſe, But 
— of = it is not thus with the Chyle in Reſpect to the Blood: 
Sores, for both theſe being equally fluid, we may very well ima- 
gine, that all the Parts of the Chyle which are not con- 
verted into Blood, and which conſequently are a Kind 
of Excrement, follow it every where, ſo that they go 
together all the Way. And this is the Reaſon why the 
Antients, who believed that the Blood was made in the 
Liver, affirmed ; that at the making of the Blood the 
Excrement of it were carried from the Liver through 
all the Veins ; but that ſome Part of them was attracted 
by the Kidneys in Order to make Urine ; and the other 
Part went off in Sweat through all the Parts of the 

Body indifferently. 


3. That 1577 This Opinion appeared very plauſible, both becauſe 


Opinion was 


<onfirmed by the Blood which is let out of the Veins, if it be left to 
fnding out ſettle a little, is found to be full of a certain Serum which 


I very much reſembles Urine ; and alſo becauſe the Kidneys 
are 


gon of the 
# 00d, 
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are placed juſt by the Extremities of the emulgent Veins 
and Arteries, through which we conceive the Parts of 
the Urine are able to paſs. And though fome Perſons 
rejected this Opinion at firſt, and ſeemed confounded at 
it, becauſe it ſuppoſed an unintelligible Attraction, the 
Sphere of whoſe Activity reached from the Kidneys to 
the extreme Parts of the Body; yet this Difficulty feemed 
to be taken off by the Diſcovery of the Circulation of 
the Blood. For they imagined that as the Blood paſſed 
continually out of the Artery into the emulgent Vein, the 
Parts of the Urine which are mixed with it there, might 
diſcharge themſelves through ſuch Pores as would carry 
them to the Kidneys. Nor was there any further Need 
of aſcribing any attractive Vertue to the Kidneys, becauſe 
the Urine may get thither in the ſame Manner, as the 
Meal does through the Holes of a Steve into the Baker's 
Trough, though there be no attractive Vertue in it. And 
thus this Opinion had all the Appearance of Fruth in 
i. 
4. But ſince Philoſophy began to be improved with 
greater Diligence than formerly, and Nature has been 


4. That ie 
1s probable 
there 14 


more exactly enquired into; though it is believed that [we Paſage 
the Urine does go that Way which we juſt now mentio- er ch Urine 


ned, yet they begin to ſuſpegt that there is another Way which wwe 


do not yet 


beſides, through which it gets into the Kidneys and then bw. 


into the Bladder. The Reaſons for this ſeem to be very 
ſtrong. For Firſt, we find that if a Perſon be let Blood 
immediately after having eaten Garlick or Sparagraſs; nei- 
ther the Blood nor the Serum will ſmell of it as the Urine 
does; which it ought to do if the Urine were only the 
derum of the Blood. Szcondly, It is very difficult to con- 
ceive how they who drink any large Quantity of Water, 
elpecially any Mineral Water, ſhould have it get through 
them ſo ſoon, if it does not go into the Bladder ſome 
ſhorter way than that which I have mentioned. I forbear 
taking Notice of what Alteration and Change it muſt 
make in the Motion of the Heart, and Temperature of 
the whole Body, by paſſing through the Heart in ſo large 
2 Quantity as it muſt do. And further yet, it has not 
been hitherto obſerved that the Serum of the Blood is al- 
ways tranſparent, and exactly of the fame Colour with 
the Urine. All theſe Reatons have cauſed the Phyſicians 
to begin to ſuſpect, and to propoſe the following Queſti- 
on to be debated, viz. Whether the Urine be not an Ex- 
crement of the firſt Concoction, that is, ſuch as a iſes 
irom the Preparation of the Chyle only, and not _ 

& 
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the Converſion of the Chyle into Blood. As for my the 
ſelf, I think this Suſpicion is very well grounded; and [ Vi 
am very much inclined to think, that there is ſome Paſ- up 
ſage, through which, Part of the Urine may paſs out of W wh 
the Receptacle of the Chyle immediately into the Kid- Soi 
neys. But becauſe I have not yet met. with any Experi- 
ment to confirm this Conjecture, I ſhall determine no- the 
thing further about at. 3 
5. Trough 5. As to the Paſſages out of the Cavity of the Ureters WW pro 
what Paſſa- into the Bladder, though they are not at all viſible, as and 
es rates was obſerved before, yet we are ſure that their Con- pere 
70 eg glad. ſtruction is ſuch, as that they have ſmall Valves which Wh. 
der. will permit the Urine to go 5 — into the Bladder, and or 7 
not ſuffer it to return into the Ureters again. For if a For 
Bladder be taken out of the Body of an Animal, and of 
filled full of Water, there will not run a Drop of it out dry 
for a great many Days, that is, till it is decayed ; whereas proj 
if the Inſide be turned outwards and then it be filled 
with Water, it will all run out in two or three Hours. 
6. Of 6. The Particles of Sweat diſcharge themſelves from & 
Sweat. the Blood, at the Time that it gets out of the Pores of 
the Arteries to cauſe Nutrition, and it flies quite off from 
the Body by the ſmall Spaces which are between the 
Fibres of the Fleſh. | 192 
7. What 7. It is highly probable that the Matter of Sweat is 
be Matter the ſame as that of Urine ; for, beſides finding the ſame 
i- Sort of Salt in Sweat that we do in Urine ; we alſo ſee 
that the more Sweat there is, the leſs is the Urine. 2. 


Ener r 


SMA... MANA . 2 pat 
Of Hunger and Thirſt, it Is 6 


«ws FS and Thirſt are two Senſations or two natural Nef th 


Hunger is Appetites which are excited in the Soul from Time 


raiſedin us: to Time by the Action of the Nerves of the Stomach Hof th 
and Throat. And in order to ſee how this is done, we Hef du 
muſt obſerve, that when the Stomach is empty, that is, 4. 
not filled with Victuals to cauſe Nouriſhment ; then the ¶ conſiſ 


Liquor which conſtantly deſcends from the Arteries into % the 
the bence, 
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the Stomach, and which commonly ſerves to digeſt the 

Victuals which are there, finding nothing for them to act 
upon, agitate and ſhake the Nerves of the Stomach; 

which Motion being carried to the Brain, excites in the 
Soul, the Senſation or Appetite of Hunger. 

2. And if the Humour which conſtantly aſcends from 2 
the Stomach to the Throat, in the Form of a moiſt and raiſed — 
groſs Vapour, in order to 1 Parts as moiſt as is 
proper for the Good of the Body, be too much heated 
and in too great Agitation; either becauſe it is not tem- 
pered with ſome other Liquor, or becauſe the Heat 
which is all over the Body increaſes the Agitation of it, 
or any other Cauſe whatſoever ; ſo that it aſcends in the 
Form of Air or of ſome very fine Vapour ; then inſtead 
of moiſtening and cooling the Throat, it will heat and 
dry it ; and this will cauſe a Motion in the Nerves, 
proper to excite in us the Senſation of Thirſt, 


SWS 0 d 0 A 208 08 8 8 08 e 


CHAP. XXV. 
Of Sickneſs and Health. 


EALTH is a particular Diſpoſition of the Body x; Wher 
whereby it is enabled readily to perform all the Du- Health i. 
ties belonging to it. | 

2. Two Things generally go to this Diſpoſition ; name-' 2. hoe it 
ly, a fit Conſtruction of the Parts, and a juſt Temperature œαf⁰̊ iu. 
of them, Which two Things come pretty near to one 
and the fame. For by the Word Temperature we mean 
particular Mixture and Combination of Qualities ; and 
by all that has been ſaid in ſeveral Places in this Treatiſe, 
it is evident, that what we call a/ Quality, is nothing elſe 
but a particular Diſpoſition and Texture of mall imper- 
ceptible Parts, which compoſe the larger viſible Parts 
of the Body. 

3. Sickneſs, on the contrary, is a particular Dialogg we 
of the Parts of the Body, which renders them incapable 1. 
of duly performing their reſpective Functions. 5 

4. Though Sickneſs attacks the whole Man, yet it 4+ Thar | 
conſiſts chiefly in the Body; and the Pains which it cauſes 1 
in the Mind are only Conſequences of it, as appears from va. 
hence, that by uſing Remedies which affect only the Body, 

and 
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and reduces it to its former State, all the Pains and Un- 
 eafineſs, which the Mind feels, immediately ceaſe. 
: ee 5. There are generally reckoned two Sorts of Diftem- 
fong from the Pers, the one conſiſts in a bad Cenſtructioan of the Parts, 
bad Cin- as when they are too large or too ſmall, or not of the 
2 Shape that they ought to be. 
6. Of bi. ©. The other conſiſts in an f Temperature ; that is, 
fempers a- in a particular Mixture of the Qualities of the Body which 
11 Ty is not ſuch as it ought to be, And we call it a manifeſt 
rature. ill Temperature if we know the Qualities which are in 
Diſorder ; but we call it accu/t, when the Qualities and 
the Cauſe are unknown. 
7. Of the 7. All Diftempers are generally owing to the ill Re- 
Cauſe of gulation of our Lives, either from too much or too lit- 
Dien eri. tle Sleep, too much or too little Exercife, &c. Some- 
times they are cauſed by things without, and very often 
by the Abuſe of Food ; that is, by our Intemperance in 
eating and drinking; which is ſo much the more inju- 
rious to us, becauſe it affects us inwardly, 

8. My Deſign is not to treat of particular Diſtempers 
here: However there is an extraordinary kind of Burn- 
ing in the Body, which Phyſicians callu Fever, which | 
cannot wholly paſs by in Silence; and there is the more 
Reaſon to enquire about it, becauſe this Diftemper goes 
along with almoſt all others; and beſides, its Intermil- 


ſions are the moſt ſurpriſing to all Philoſophers. 


8. What a 


Fever 18, 
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CH AP, XXVI. 
Of a FEVER. 


1 A FTER what has been already laid down concerning 
Fever con- the Conſtruction of a human Body, it will be eaſy 
ht in, explain all the ſurpriſing Phænomena or Symptoms of 3 


Fever. For we need only to imagine, a ſmall Part of our 
Blood or any of thoſe Juices which are mixed with it as it 
runs towards the Heart, any Way to ſtagnate in ſome Part 
of the Body, ſo that it does not begin to move for ſome 
Time, till it be fo corrupted, that it reſembles green Wood 


when it begins to burn; that is, as ſuch Wood, when - - 
r 
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n. firſt laid Fire, ſeems not diſpoſed to burn, but 
rather extinguiſhes ire; ſo likewiſe, this ſmall Por- 
n- tion of corrupted Juice, has no dency to grow hot 
„, and dilate it ſelf at firſt, when it paſſes through the Heart. 
he And as green Wood burns afterwards brighter and more 
fiercely, than that which is dry, ſo alſo does this Juice at 
is, length grow hotter and dilates it ſelf more, than the Blood 
ch ordinarily does, 
foft 2. Now this being ſuppoſed, we are ſure in the firft 2. V the 
in WJ Place, that when this ſluggiſh Humour begins to move 24 bon 
nd from the Place in which it was corrupted (which I ſhall « Fever be. 
henceforth call the Seat of the Fever) and to mix with 2% ap- 
2. WM the Blood; it will hinder it from dilating itſelf as uſual in? e 
li- paſſing through the Heart, and conſequently the Heart 
ne- and Pulſe will then beat very faint; | | 
ren 3. And what. ought particularly to he obſerved here 3. Of the 
in is, that the vital Spirits moving much flower than uſual a= 
u- in the Body, the Agitation of the Particles which is 
kept up by them, and in which the ordinary Heat of the 
des Body conſiſts, muſt be very much diminiſhed. Whence 
rn. it follows; that we muſt feel a certain Coldneſs, which is 
h 1 I called the cold Fit of a Fever; which may be attended 
ore I with ſome ſharp or faint Twitches, according as the cor- 
roes ¶ npted Matter, which runs in the Arteries; agitates the in- 
niſ- ner Coats of them; or according as ſome of its Parts, 
which get through the Pores of the Arteries; differently 
move the Capillaments of the Nerves which they meet ih 
their Paſſage. | | 
— 4. And becauſe in this State it is impoſſible but that 4. 75e Curſe 
fewer Animal Spirits ſhould be produced and thoſe lefs / Tremo- 
agitated than uſual; therefore thoſe of them which are 
ſent towards any Muſcle, either to move the Body ar to 
keep it in a particular Poſture, are neither ſtrong enough; 
nor ſufficiently numerous to preſs againſt and ſtop up the 
Valves of the Pores fo cloſe; but that they are able to 
get out; in the ſame manner as when a little Air 
ning drawn into the Bellows gets out 172m, becauſe it cannot 
eaſy breſs the Flap ſtrong enough agamtt de Hole; fo the 
of a Spirits ſent into the Muſcles, get out, and go along with 
our 2 trembling Motion from one Muſcle to another, and 
as it ſo draw the Members by turns to the oppoſite Sides, and 
Part I make them ſhake; that is, cauſe that Tremb/ing which | 
ſome utually attends the Shivering or Coldneſs in a Fever. = — 
Vood 5. And though all the corrupted Matter may perhaps — 
it is N have paſſed through the Heart in leſs than half an Hour, /e, for 
it ! Vo I. II., T | yet ahh 
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yet it may make the Shivering continue much longer; be. 
cauſe this Matter which is mixed with the Blood may re. 
turn to the Heart again, with as little Diſpoſition to dilate 
it ſelf as it had the firſt Time it paſſed through it. 
6 Hwothe 6. As green Wood after it is once heated, burns fiercer 
— than dry Wood; ſo the corrupted Matter, after it has paſſed 
may come to ſeveral Times through the Heart, may at laſt acquire ſuch 
n. a Diſpoſition, as to be very much rarified, and to come 
out of the Heart very much quicker and more agitated 
than the Blood uſually does; and this is ſufficient to pro- 
duce all thoſe Effects, which we experience in that State 
called the hot Fit of the Fever, which ſucceeds the great 
Coldneſs. 12885 | 
3 7. And, firft, as to the Beating of the Pulſe, it is evi. 
. Pe, dent, that it muſt be quicker and higher than uſual, be- 
ondthewebe- Cauſe the Blood flows quicker into the Arteries, and with 
ment Heat ef greater Force and Agitation than it commonly does. We 
man ought alſo to perceive a very extraordinary Heat, becauſe 
the Blood which comes boiling, as it were, out of the 
Heart, is carried very ſwiftly to the extreme Parts of the 
Body, without having any Time to cool it ſelf by the 
Length of the Way. : 
$ TheDifi- 8. Further, becauſe in this State, a very large Quanti- 
eulty f ty of Animal Spirits gets into the Brain, and from thence 
Ay 7 4 into the Nerves; there muſt neceſſarily ariſe a Diffculty 
Head and in ſleeping, Pains in the Head, and that very troubleſome 
Members. Tenderneſs which we have in all the Members of the Body. 
. It may alſo happen, that the Animal Spirits, which 
13 run irregularly in the Brain without any certain Determi- 
nation, and which are very ſtrong at that Time, may of 
themſelves force open and agitate ſome Parts of it, in the 
ſame Manner as they are at other Times by external Ob- 
jects ; wherefore we ought then to ſee ſuch Objects as if 
they were really preſent ; and herein conſiſt thoſe ſtrong 
Deliria which ſometimes affect ſick Perſons ſo much. 
10. Mey a 10, And it the Diſtemper continues long; then be- 
3 cauſe the Parts of the Blood which uſed to turn to Nou- 
cb. riſhment arc in much greater Motion than ordinary, or 
than is neceilary for them to be employed uſefully ; they 
may not ſtop in ſuch Places where they are wanted, and 
where they might be applied to Nouriſhment ; but 
pals off in the Form of Sweat or inſenſible Perſpiration 
And thus the Body may grow lean, in the ſame manner 
as Plants wither in a very hot Summer, becauſe the Juices 
which ought to nouriſh them, paſs through their Pore 
Without ſtopping. 


11, And 
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II. _ there 4 be no doubt but that a Fever is * 4 3 
nerated in the nner I have been ſpeaking, it wõe H νe 

Eaſier; thit When thats k. any Pas er f an Andes * 

or occaſioned by any Wound, in a Body otherwiſe in 

Health, a Fever generally enſues; and when this Pus 

ceaſes or makes its Way out of the Body, the Fever as 

ay goes off with it. | 
12. Laſtly, though the Matter which kindles the Fe- 1, How | 

ver, may ceafe any more to flow from its Seat or Re- fit pr wr 
ceptacle, and though there be no new Matter mixed is at the 
with the Blood that goes to the Heart; yet that which is H2%'% 
already mixed with it, may be ſufficient to make the 

Fever increaſe, till after a great man Circulations, it be 

diſſipated, and the Blood fo purified, that it is reduced 

very near to that Temperature, which Phyſicians call 

laudable. In the fame Manner as Wine becomes fine 

at laſt, by working in the Veſſel. | 
13. When the Fever once comes to decline thus; it 13. How # 

ought not to return again. Notwithſtanding there may are. 

remain a kind of Ferment, or certain evil Diſpoſitions, 

in that Place where the Blood is firſt corrupted ; which 

may again vitiate and corrupt the Blood which gets thi- 

ther, till by Degrees it come to Maturity, and running 

into the Heart as the firſt did, cauſe the ſame Symptoms; 

14. Whence we may conclude that the Diſtemper will 14. / chs 

be a guartan Fever, if the Portion of Blood which ſtag- difer 5 

nates will take up three Days before it comes to Matu- Frvert. 

rity and be capable of running into the Heart along with 

the reſt of the Blood; If it takes up but two Days, it 

will be a tertian Fever; and if it continually runs; then it 

will be a continued Fever: And l, it is a continued Fe- 

ver with Increaſe, when the corrupted Matter has ſo vitia- 

ted the Blood, that it has not Time, betwixt the laſt 

Drop ef the preceeding corrupted Matter coming out of 

the Heart, and the firſt Drop of new Matter collected 

again, running into it, to purify it ſelf ; For then, there. 

is an Opportunity for the corrupted Matter, which is 

very much diſpoſed to inflame, to go in great Quantity 


to the Heart, and fo conſequently to cauſe a more vio- 


lent Heat: | 

15. And this is confirmed from hence; that this Mat- 3 e- 
ter which we have compared to green Wood, muſt firſt g ee 
cool the Blood a little, before it {elf can be rarified and / a Fever 
heated beyond what the Blood uſually is ; And thus, the — 
firſt Time that it paſſes through the Heart, it cauſes ſome 
little Shiverings, and ſome Diſpoſitions to ſleep, ſuch as 


Vor II. T' 2 Yawnings 
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Yawnings and Drowſineſs. which precede the Increaſe of 
the Fever. 

It is impoſſible to exhauſt this whole Subject. The 
humane Body is ſo wonderfully framed; that the leaft 
Part of it will take up a Man's whole Life to underſtand 
it thoroughly: But becauſe it is very dangerous to be miſ- 
taken in ſo important a Matter, upon which one's Lie 
many Times depends, and to reaſon and argue upon falſe 
Principles, (as we ſee is perpetually done every Day ;) and 
becauſe, we have but juſt begun to undeceive ourſelves 
in an infinite Number of Things, which we blindly re- 
ceived from the Antients as true; we muſt wait, till we 
can get more Knowledge, from the Experiments which 
ſo many learned Gentlemen of the famous Academy 
are continually making with ſo good Succeſs : That by 
following the Light and purſuing the Diſcoveries of theſe 
great Genius's and firſt Maſters of Science, we may with 
more Aſſurance ſpeak concerning ſo nice and important a 
Subject ; of which what we do already know, as little 
as it is, plainly ſhows us, that whole Schools have been 
deceived for many Ages, in eſtabliſhing their Maxims and 


Decrees, the very Foundation of which is falſe, W here- 


tore, when theſe Gentlemen ſhall be pleaſed to commu- 
nicate to the Publick, what they have by their Labour 
and Care diſcovered ; I hope they will permit me to 
make Uſe of their Diſcoveries, and to look upon them as 
belonging to me, in the Uſe and Application which I ex- 
pect one Day to make of them; not by cenſuring what 
they intended for Inſtruction, but that 1 may correct my 
ſelf, if it does not appear to agree with the Principles 
which I have laid down, or elſe that I may be the mors 
ſtrongly confirmed in the Truth of them. 
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